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LETTER  OF  TRANSMITTAL. 


U.  S.  Department  of  Agbicoltube, 

Bureau  of  Chemistry, 
Washington^  D.  C,  March  27,  1911. 
Sm:  I  have  the  honor  to  submit  for  your  approval  a  report  on  the 
results  of  a  three-year  investigation  of  the  composition  of  American 
grapes,  conducted  at  Charlottesville,  Va.,  and  Sandusky,  Ohio,  by 
William  B.  Alwood,  the  enological  chemist  of  this  bureau,  covering 
the  principal  commercial  varieties  of  American  grapes  grown  in  the 
central  and  eastern  sections  of  the  country,  and  also  other  varieties 
not  generally  cultivated.  These  data,  even  though  the  study  is  far 
from  complete,  are  of  practical  importance  to  the  grape  growers  and 
manufacturers  of  grape  by-products,  as  well  as  of  scientific  interest, 
and  I  recommend  their  publication  as  Bulletin  No.  146  of  the  Bureau 
of  Chemistry. 

Respectfully,  H.  W.  Wiley, 

Chief  of  Bureau. 
Hon.  James  Wii^on, 

Secretary  of  Agriculture. 
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PREFACE. 


In  the  conduct  of  certain  enological  work  it  became  evident  that 
there  were  ahnost  no  chemical  data  available  regarding  the  character 
of  grapes  grown  in  Virginia,  in  northern  Ohio,  in  northern  and 
central  New  York,  and  in  some  other  parts  of  the  country.  The 
condition  was  much  the  same  as  that  which  was  found  in  the  begin- 
ning of  the  enological  studies  on  the  production  of  cider.  It  is 
evident  that  in  order  to  treat  a  subject  of  this  kind  in  a  rational  way 
it  is  important  that  the  character  of  the  fruits  under  consideration 
should  be  definitely  known.  After  the  investigation  on  the  compo- 
sition of  the  grapes  in  the  Piedmont  region  of  Virginia  was  begun  it 
was  found  advisable  to  establish  a  laboratory,  or  laboratories,  for 
further  studies  on  the  composition  of  this  fruit  and  the  products 
made  therefrom  in  the  localities  which  have  become  so  famous  for 
the  production  of  grapes,  grape  juices,  and  wines.  The  establishment 
of  a  branch  of  the  enological  investigations  at  Sandusky,  Ohio, 
rendered  it  possible  to  study  in  situ  the  character  of  the  grapes  pro- 
duced in  that  region.  This  study  has  now  continued  over  a  period 
of  three  years,  and  data  are  at  hand  for  drawing  at  least  preliminary 
conclusions  respecting  the  general  character  of  the  fruit  produced. 
As  is  the  case  in  every  grape-growing  country,  it  has  been  found  in 
northern  Ohio  and  central  and  northern  New  York  that  the  character 
of  the  grape  varies  from  season  to  season,  and  often  in  the  same  vine- 
yard or  locality  during  a  given  season.  This  variation  shows  the 
necessity  which  exists  in  this  locality,  as  well  as  everywhere  else,  of 
securing  by  careful  selection  the  grapes  which  are  to  be  used  for 
specific  purposes.  Those  that  are  sound,  healthy,  mature,  and  suit- 
able for  the  purpose  should  be  separated  from  the  imperfect,  unripe, 
damaged,  or  otherwise  undesirable  varieties.  In  the  manufacture  of 
unfermented  grape  juice,  for  instance,  it  is  desirable  that  the  grapes 
yield  a  juice  which  is  palatable,  wholesome,  and  easily  treated.  It 
is  not  desirable  to  bottle  the  fresh  juices  and  sterilize  them  without 
removing,  in  so  far  as  possible,  the  sedimentary  matters  which  will 
be  deposited  on  heating  and  standing.  Many  varieties  of  grapes  lend 
themselves  much  more  readily  to  treatment  of  this  kind  than  others. 
The  chemical  composition  and  physical  properties  of  the  fruit  and  its 
amenability  or  resistance  to  treatment,  either  in  the  preservation  of 
the  juice  in  an  unfermented  state  or  in  the  manufacture  of  wine,  are 
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4  BNOIiOGICAL  STUDIES. 

of  the  greatest  importance.  As  is  well  known,  the  predominant  acid 
in  ripe  grapes  is  tartaric.  The  presence  of  this  acid,  either  in  a  free 
state  or  in  combination  with  lime  or  potash,  is  necessary  to  give  to 
the  grapes  the  peculiar  flavor  for  which  they  are  noted.  In  other 
words,  the  acid  content  of  the  grape  is  one  of  the  ingredients  of  chief 
importance  from  an  organoleptic  point  of  view.  A  grape  which  is 
without  acid  would  be  totally  insipid,  and  would  yield  a  juice  not 
much  better  than  sweetened  water.  On  the  other  hand,  a  grape  juice 
in  which  the  acid  is  excessive  is  impalatable,  at  least  to  most  persons. 
Hence  the  production  of  a  grape  with  the  proper  degree  of  acidity  to 
give  character  and  not  enough  to  impair  taste  is  of  great  importance. 

The  studies  which  have  been  made  and  which  are  detailed  in  the 
following  pages  throw  much  light  on  this  important  problem,  even 
though  they  are  far  from  complete,  indicating  what  varieties  of 
grapes  and  what  conditions  of  environment  give  the  best  results. 

Equally  important  from  the  point  of  view  of  vinification  is  the 
sugar  content  of  the  grape.  The  only  source  of  natural  alcohol  in 
wine  is  fermentation  of  the  sugars  which  exist  in  the  original  grape. 
These  sugars  exist  in  combination  with  other  bodies,  many  of  which 
enter  into  the  finished  product  and  serve  to  give  it  character  and 
quality.  In  fact,  the  smaller  the  quantity  of  alcohol  which  can  be 
secured  in  the  finished  wine,  and  at  the  same  time  permit  of  its 
manufacture  and  keeping,  the  better.  Other  things  being  equal,  the 
wine  which  has  the  smallest  percentage  of  alcohol  is  to  be  preferred. 
The  data  which  have  been  secured  indicate  the  varieties  of  grapes 
which  give  the  best  percentage  of  sugar  for  proper  fermentative 
purposes. 

Tliese  studies  will  lay  broad  and  deep  the  foundation  for  the  prac- 
tical working  out  of  the  problem  of  the  utilization  of  grapes  for  the 
various  purposes  for  which  grape  products  are  employed.  While  the 
work  has  been  carried  on  under  the  general  direction  and  supervision 
of  the  Chief  of  the  Bureau  of  Chemistry,  the  details  of  it  and  the 
technique  of  the  processes  have  been  in  the  hands  of  Mr.  William  B. 
Alwood,  who  has  given  to  the  work  his  undivided  attention  and  has 
with  enthusiasm  and  success  attacked  the  many  problems  which 
have  been  presented. 

H.  W.  Wiley, 

Chief  of  Bureau, 

Washington,  D.  C,  March  10, 1911. 


Digitized  by 


Google 


CONTENTS. 


Page. 

Ob jec t  of  the  investigation 7 

Grapes  grown  in  Ohio  and  New  York 8 

Methods  of  obtaining  Bamples 8 

Preparation  of  the  sample  tor  analysis 9 

Tests  and  analyses  made 10 

Investigation  of  1908 12 

Investigation  of  1909 13 

Investigation  of  1910 14 

Seedlings  and  unknown  varieties 17 

Grapes  grown  in  Virginia,  1908-1910 18 

Tabulation  of  analytical  data  on  samples  collected  at  Sandusky,  Ohio 20 

Data  for  1908 20 

Data  for  1909 21 

Dato  for  1910 27 

Tabulation  of  analytical  data  on  samples  grown  and  analyzed  at  Charlottes- 
ville, Va 35 

5 


Digitized  by 


Google 


Digitized  by 


Google 


ENOLOGICAL  STUDIES. 


THE  CHEMICAL  COMPOSITION  OF  AMERICAN  GRAPES  GROWN  IN  OHIO. 
NEW  YORK.  AND  VIRGINIA, 


OBJECT  OF  THE  nrVESTIOATIOH. 

In  the  discharge  of  duties  devolving  upon  the  Bureau  of  Chem- 
istiy  under  the  food  and  drugs  act  it  became  apparent  that  definite 
data  on  the  methods  of  wine  making  and  of  the  products  made  in  the 
several  wine  districts  of  the  country  were  needed.  As  chemical  data 
on  the  composition  of  the  fruit  used  in  the  manufacture  of  grape 
juices  and  wines  were  not  available,  it  was  found  necessary  to  make 
a  fairly  complete  fundamental  study  of  the  grape  and  the  by-prod- 
ucts made  from  this  fruit.  As  a  first  step  in  this  direction  a  detailed 
study  was  made  of  the  chemical  composition  and  general  character 
of  the  several  varieties  of  grapes  grown  in  the  Central  and  Eastern 
States,  especially  those  sent  to  the  wineries  at  Sandusky,  Ohio,  with 
a  view  to  determining  the  suitability  of  these  grapes  for  food  purposes 
and  for  wine  production.  Fiulher  than  this  a  chemical  study  of  the 
commercial  wines  produced  in  the  middle  and  eastern  wine-growing 
districts  was  also  found  necessary  for  the  purpose  of  comparing  their 
quality  with  that  of  wines  which  might  be  made  under  the  direction 
of  the  bureau  from  the  grapes  commonly  used  at  the  wineries  for  this 
purpose. 

The  need  of  this  investigation  in  the  administration  of  the  food 
law  is  readily  seen  if  one  compares  the  widely  varying  statements  of 
the  grape  growers  and  the  wine  makers  as  to  the  quality  of  the  fruit 
produced  and  the  possibility  of  making  straight  wines  from  this  fruit, 
and  also  if  one  is  familiar  with  the  general  practice  of  watering  and 
sugaring  (i.  e.,  gallizing)  the  wines  made  in  the  districts  mentioned. 
For  these  reasons  it  is  important  to  determine  fully  the  character  of 
the  strictly  nature  wines  made  from  these  grapes.  There  appeared 
to  be  no  other  method  of  seciuing  these  data  than  by  a  thorough 
chemical  investigation  covering  the  whole  subject  of  the  fruit  grown 
and  the  character  and  composition  of  the  wines  produced  and  sold 
in  the  districts  in  question.  The  term  *' American  grapes"  is  here 
used  to  distinguish  native  seedlings  and  crosses  of  these  with  the 
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European  species  produced  in  America,  from  the  distinctly  European 
varieties  grown  so  largely  in  California. 

It  is  claimed  by  some  that  the  grapes  of  New  York  State  and  the 
Atlantic  seaboard  States  are  richer  in  sugar  and  not  so  acid  as  the 
fruit  grown  in  the  Lake  Erie  district.  Because  of  the  proximity  to 
a  very  large  grape-growing  industry  and  of  the  important  wine 
industry  located  there  the  work  has  thus  far  been  carried  on  chiefly  at 
Sandusky,  Ohio,  but  it  is  intended  to  extend  it  as  rapidly  as  possible 
to  other  important  centers.  A  large  portion  of  the  northern  grape 
belt- has  already  been  covered  in  this  preliminary  investigation,  and 
the  importance  of  the  crop  and  its  by-products  and  the  necessity  for 
accurate  information  seem  to  fully  justify  this  course.  But  the  data 
now  in  hand  will  render  possible  more  detailed  investigations  of  cer- 
tain specific  featiures — as,  for  instance,  the  variability  in  composition 
of  the  more  important  varieties  under  differing  conditions  of  soil, 
climate,  and  culture — which  appear  to  promise  results  of  much  prac- 
tical importance. 

GRAPES  OBOWir  IS  OHIO  AND  HEW  TOBK. 
1IBTH0D8  OF  OBTAININ0  SAKPLBS. 

In  an  investigation  of  this  nature  the  character  of  the  sample  used 
is  of  great  importance.  The  data  for  the  individual  samples  show 
that  the  difference  in  composition  between  samples  from  the  same 
source  may  be  sufficient  to  be  confusing.  Hence,  with  a  view  to 
forestalling  hasty  conclusions,  a  very  large  number  of  samples,  from 
as  many  sources  as  possible,  have  been  examined.  This  should  ren- 
der the  averages  presented  quite  reliable.  There  will  certainly  be  a 
very  considerable  variation  in  composition  from  year  to  year,  the 
extent  of  which  can  only  be  determined  by  continuing  these  examina- 
tions until  sufficient  data  have  been  secured  to  furnish  a  basis  for  a 
final  statement. 

The  season  was  so  far  advanced  when  this  work  was  begun  in  1908 
that  arrangements  could  not  be  made  to  secure  samples  from  a  large 
number  of  individual  growers;  hence  they  were  taken  at  the  wine 
cellars.  But  for  the  years  1909  and  1910  a  large  number  of  samples 
were  secured  directly  from  the  growers,  and  to  check  against  the 
results  so  obtained  samples  were  taken  from  the  wine  cellars.  In 
getting  samples  from  growers  the  selection  of  ''extra  quality''  has 
been  prevented  as  far  as  possible,  the  aim  being  to  use  the  average 
commercial  fruit.  In  any  case  the  large  number  of  samples  exam- 
ined from  the  various  sources  minimizes  the  incidental  variations  so 
as  to  warrant  a  reasonable  belief  that  the  averages  herein  presented 
represent  the  quality  of  the  fruit  for  the  season  in  question. 
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The  two  elements  of  prime  importance  in  the  grapes  used  for  the 
manufacture  of  unfermented  grape  juice,  for  wine  making,  or  for 
other  by-products,  are  the  amount  of  sugar  and  the  amount  of  acid 
present  in  the  fruit;  hence  the  work  undertaken  in  1908,  the  first 
season  at  Sandusky,  was  confined  almost  wholly  to  sampling  and 
examining  crops  of  grapes  foimd  at  the  various  wineries  and  juice 
factories,  and  to  observations  of  the  methods  of  vinification  employed. 
A  small  amoimt  of  wine  was  made  for  technical  study.  It  was  un- 
fortunate that  the  investigations  could  not  have  been  begim  at  the 
opening  of  the  vintage  season  in  1908,  because  the  crop  was  especially 
good  that  year  for  making  high-class  products,  but  it  was  impossible 
to  make  preparations  for  more  extensive  operations  than  those 
indicated. 

FBEPASATION  OV  THX  SAKPLB  VOB  ANALTSU. 

The  samples  of  fruit  secured  for  1908  were  taken  at  the  various 
wine  cellars  directly  from  the  packages  as  they  arrived  at  the  cellars, 
and  the  name  and  address  of  the  grower  was  invariably  entered  on 
the  records  with  each  sample.  About  4  pounds  of  fruit  were  taken 
for  a  sample,  and  care  was  taken  to  secure  an  average  of  the  crop. 
These  samples  were  crushed  and  pressed  by  hand  in  the  laboratory 
of  the  Duroy  &  Haines  Co.,  who  kindly  furnished  facilities  for  this 
work. 

The  preparation  of  the  samples  is  a  matter  of  considerable  impor- 
tance. Experiments  on  crushing  in  a  mortar  by  using  a  pestle,  on 
crushing  by  hand  in  porcelain  vessels,  and  also  with  small  hand 
grinders  were  made.  After  careful  tests  by  these  methods  it  was 
found  that  crushing  by  hand  is  the  best  method  of  procuring  a  sample. 
In  this  way  each  grape  is  crushed  practically  to  the  same  extent,  and 
the  whole  mass  is  reduced  to  a  pulp  so  much  more  homogeneous 
than  by  any  other  method  tried,  that  this  one  was  adopted  for  all 
work  during  the  years  1909  and  1910.  The  stems  were  in  every  case 
left  in  the  pulp. 

When  crushed  to  a  pulp  the  sample  was  transferred  to  a  piece  of 
cheesecloth  folded  double,  spread  over  a  porcelain  dish,  and  the  pulp 
was  pressed  by  gathering  the  edges  of  the  cloth  firmly  in  one  hand 
and  gently  squeezing  the  mass  until  the  juice  was  extracted.  The 
pulp  is  in  this  manner  reduced  to  a  ball  in  the  cloth,  and  by  gripping 
this  firmly  with  the  free  hand  and  applying  pressure  properly  a  care- 
ful operator  can  reduce  the  pulp  to  about  the  condition  of  dryness 
arrived  at  by  applying  1,500  pounds  direct  pressure  in  a  hydrauUc 
press.  The  amount  of  pressiu-e  used  will  affect  considerably  the  acid 
present  in  the  expressed  juice;  hence  care  is  required  in  this  manipu- 
lation to  secure  comparable  results. 
5874^— BuU.  145—11 2 
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TS8T8  AND  ANALYSIS  KADB. 

Each  sample  of  juice  was  then  tested  as  to  density  with  a 
Brix  spindle,  and  in  most  instances  a  sample  was  saved  for  further 
examination.  These  samples  for  the  year  1908  were  bottled  and 
preserved  with  mercuric  chlorid,  using  tablets  purchased  at  the  drug 
store,  and  in  this  condition  they  were  sent  to  Stonehenge  labora- 
tory, Charlottesville,  Va.,  for  analysis.  The  final  analyses  were 
completed  by  January  5,  1909,  and  covered  only  specific  gravity, 
total  solids,  sugar-free  solids,  total  sugar,  and  fixed,  volatile,  and 
total  acid.  These  data  were  carefully  checked,  and  in  the  acid  de- 
terminations allowance  was  made  for  the  use  of  the  mercuric  chlorid 
tablets,  each  of  which  contained  0.5  gram  of  mercuric  chlorid  and  0.57 
gram  of  ammonium  chlorid.  One  tablet  was  used  for  400  cc  of  fresh 
juice.  A  correction  to  allow  for  the  acid  present  in  the  tablet  was 
made  by  deducting  0.075  gram  tartaric  acid  per  100  cc  of  sample. 
Volatile  acid  was  determined  on  the  samples  taken  in  1908,  but  the 
amount  was  so  slight  that  it  is  not  reported  in  the  tables;  seldom 
was  0.01  gram  per  100  cc  of  sample  found.  During  the  years  1909 
and  1910  volatile  acid  determinations  were  not  made. 

The  results  on  total  acid  for  the  samples  taken  in  1908  are  sur- 
prisingly low.  This  was  noted  as  the  samples  were  analyzed,  and  the 
work  was  carefully  checked.  The  only  explanation  wliich  is  suggested 
is  that  during  the  first  season  the  samples  were  not  pressed  sufficiently 
to  bring  out  all  the  acid  present.  It  will  be  readily  understood  that 
for  red  wines  the  acid  content  secured  by  crushing  and  pressing  the 
fresh  fruit  will  not  be  the  total  acid  secured  by  the  fermentation  of 
the  pulp  and  then  pressing  by  power,  as  is  customary  in  the  wineries, 
but  for  white  wine  the  result  should  be  practically  the  same  as  when 
the  fruit  is  crushed  and  pressed  by  power.  These  pojnts  will  be 
covered  and  the  data  given  in  an  additional  report  on  the  fermenta- 
tion experiments  conducted  at  the  Sandusky  laboratory. 

The  preparation  of  the  samples  during  the  years  1909  and  1910 
was  uniformly  by  hand  as  just  described;  but,  having  equipped  a  field 
laboratory  at  Sandusky,  the  analyses  of  the  juice  were  made  there  at 
once,  as  far  as  possible.  In  every  case  the  acid  was  determined  by 
the  titration  of  the  freshly  pressed  and  filtered  juice,  and  a  gravity 
reading  was  made  on  unfiltered  juice  at  the  same  time,  using  a  Brix 
spindle  specially  made  for  this  work.  When  the  analysis  could  not 
be  made  promptly  a  sample  was  preserved  in  a  pint  champagne 
bottle  with  0.2  gram  of  mercuric  chlorid.  The  full  analysis  was 
completed  usually  within  from  30  to  60  days  after  sampling.  If  the 
presence  of  sucrose  was  suspected  the  analysis  was  made  at  once,  be- 
cause experience  showed  that  inversion  of  this  form  of  sugar  occurred 
even  in  the  chemically  preserved  sample. 
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The  methods  of  analysis  followed  are  those  laid  down  in  Bulletin 
No.  107,  Revised,  Bureau  of  Chemistry;  certain  details  for  which  no 
explicit  directions  are  given  were  made  to  conform  to  well  settled 
laboratory  practice.  Total  solids  were  derived  as  for  wine  from  the 
table  given  in  Bulletin  No.  107,  Revised  (p.  218  et  seq.),  and  the 
sugar-free  solids  by  subtracting  the  total  reducing  sugar  from  the 
total  solids,  save  in  cases  where  the  sample  showed  sucrose.  In  such 
instances  the  sugar-free  solids  were  obtained  by  subtracting  the  sum 
of  the  reducing  sugar  and  sucrose  from  the  total  solids.  Subtracting 
the  total  sugar  found  by  inversion  when  sucrose  is  present  results  in 
reducing  the  sugar-free  solids  below  normal. 

The  add  determination  was  made  on  filtered  juice  without  previ- 
ous heating,  by  titrating  with  tenth-normal  sodium  hydroxid,  free 
from  carbonate,  using  a  neutral  solution  of  azolitmin  on  a  spot  plate 
as  indicator.  When  the  juice  was  highly  colored  it  was  foimd 
advantageous  to  dilute  the  portion  taken  about  two  and  one-half 
times  with  recently  boiled  but  cold  water,  that  the  reaction  might  be 
more  clearly  seen. 

The  sugar  determinations  were  made  after  the  methods  of  Munson 
and  Walker  (Bulletin  No.  107,  Revised,  p.  241),  but  it  was  found  pos- 
sible to  use  the  gooches  twice  without  cleaning.  This  was  definitely 
determined  by  trial,  as  shown  by  the  following  check  resiilts: 

Reducing  sugar  determinations  to  test  need  of  cleansing  gooch  before  each  determination. 

[Grams  i>er  100  oo.] 
Filtered  and  weighed  on  clean  pad: 

White  grape  juice — 

1 21.11 

2 21.13 

3 21.11 

4 21.11 


Average 21.12 

Red  grape  juice — 

1 16.88 

2 16.87 

3 16.86 

4 16.91 


Average 16. 88 


Filtered  and  weighed  on  4.3  decigrams  cu- 
prous  oxid: 
White  grape  juice— 

5 21.01 

6 21.06 

7 21.08 

8 21.08 


Average 21.06 

Red  grape  juice— 

6 16.83 

6 16.91 

7 16.86 

8 16.83 


Average 16. 86 


The  Brix  readings  given  are  those  made  on  the  fresh  juice,  with  a 
standardized  Brix  must  spindle  especially  devised  by  this  laboratory 
and  corrected  to  20®  C.  in  accordance  with  the  regulations  of  the 
Bureau  of  Standards.  The  specific  gravity  readings  given  were  in 
every  case  determined  by  pyknometer  when  the  sample  was  analyzed. 
These  notes  apply  to  the  work  of  1909  and  1910;  some  slight  variar 
tions  from  this  detail  occurred  diuing  the  preliminary  work  of  1908. 
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mVESTIGATION  OF  1908. 

The  data  for  each  variety  sampled  in  1908  are  summarized  in 
Table  I,  page  20,  by  bringing  the  resiilts  on  all  the  samples  of  a 
variety  from  each  locality  together  and  giving  the  average;  if  more 
than  one  sample  was  analyzed,  the  maximum  and  minimum  results 
for  each  locality  are  shown.  The  figures  presented  in  this  table  cover 
too  few  samples  to  warrant  any  extended  discussion;  from  several 
important  locaUties  only  one  sample  of  a  given  variety  was  examined. 
This  was  due  to  lack  of  time  to  organize  the  work  completely  for  that 
year.  Further,  the  data  are  deficient  in  that  the  territory  was  not 
adequately  covered.  These  criticisms,  however,  do  not  deprive  these 
data  of  value,  and,  as  far  as  they  go,  the  results  show  a  remarkably 
high  sugar  content  in  the  great  majority  of  the  samples  analyzed. 
In  fact,  the  grape  crop  was  of  very  good  quality  that  year,  and  it  was 
often  stated  that  not  in  20  years  could  such  qudity  be  expected  again. 
Only  one  sample  of  Catawba  was  analyzed  from  Middle  Bass  and  one 
from  North  Bass,  Ohio,  but  the  Brix  readings  on  the  other  samples 
from  these  locaUties  show  that  they  were  all  richer  in  soUd  matter 
and  hence  presumably  were  higher  in  sugar  than  the  two  analyzed. 
The  importance  of  the  Brix  readings  of  fresh  must,  as  a  means  by 
which  the  grower  can  determine  with  considerable  accuracy  the  sugar 
content  of  the  fruit,  is  worthy  of  special  attention. 

The  data^  show  that  19  samples  of  Ives,  notably  the  poorest  grape 
in  sugar  content  of  those  used  for  wine  in  the  Sandusky  district,  gave 
an  average  percentage  composition  of  15.06  per  cent  of  sugar  and 
0.485  of  total  acid.  Concord,  which  is  usually  not  much  superior  to 
Ives,  shows  for  11  samples  16.20  per  cent  of  sugar  and  0.434  of  total 
acid.  Clinton,  a  variety  not  largely  grown,  showed  in  5  samples  17.76 
per  cent  of  sugar  and  0.998  of  total  acid.  Norton,  a  grape  apparently 
not  well  adapted  to  the  Lake  district,  gave  for  3  samples  an  average 
of  22.79  per  cent  of  sugar  and  0.907  of  total  acid.  The  fermented 
pulp  will,  of  course,  give  a  wine  that  is  still  more  acid. 

It  is  especially  important,  however,  to  note  that  Catawba,  the 
chief  white  wine  grape  of  the  Lake  district,  on  an  average  of  26  sam- 
ples, showed  18.81  per  cent  of  sugar  and  0.750  of  total  acid.  Dela- 
ware, which  is  well  known  for  its  high  quality,  showed  for  2  samples 
an  average  of  22.84  per  cent  of  sugar  and  0.423  of  total  acid;  and 
lona,  a  superb  wine  grape,  but  not  extensively  grown,  in  one  sample 
had  19.35  per  cent  of  sugar  and  0.623  of  total  acid.  These  results 
as  to  sugar  content  indicate  a  very  high  quality  of  fruit. 

>  For  peroentage  data  see  table  on  page  1& 
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mVESTIGATION  OF  1909. 

During  the  season  of  1909  preparation  was  made  to  extend  the 
work  by  equipping  a  laboratory  at  Sandusky,  Ohio.  Accommodation 
was  thus  provided  for  handUng  a  large  number  of  samples  and  for 
making  fermentation  experiments  on  the  different  varieties  of  wine 
grapes.  The  report  on  the  fermentation  experiments  is  not,  how- 
ever, included  in  this  report,  which  deals  only  with  the  composition 
of  the  fruit  samples.  A  canvass  of  the  Lake  Erie  district  and  as 
far  east  as  the  central  New  York  grape  district  was  made  during 
August  and  September,  1909,  and  correspondents  were  selected  at 
several  points  of  importance  who  were  rehed  upon  for  samples  of  tlie 
crop  for  the  laboratory  work,  and  a  number  of  whom  rendered 
valuable  assistance.  The  samples  were  sent  by  express  or  boat, 
usually  in  small  baskets,  to  tiie  Sandusky  laboratory,  where  the 
notes  on  quality  and  the  chemical  examinations  were  made. 

This  arrangement  furnished  a  large  number  of  samples  direct  from 
the  growers,  but  others  were  also  secured  from  the  wine  cellars  in 
Sandusky  at  such  periods  as  seemed  most  likely  to  furnish  data  on 
the  full  range  of  the  fruit  crushed  for  wine.  However,  samples  from 
the  wine  cellars  were  not  usually  considered  as  representing  indi- 
vidual crops  during  1909,  but  were  regarded  as  a  composite  of  the 
stock  on  hand  at  the  time  the  sample  was  taken.  From  Uie  American 
Wine  Company  composite  samples  were  taken  of  the  expressed  juice 
as  it  was  collected  in  the  settling  tank.  Such  samples  are  reported 
under  the  names  of  the  several  cellars. 

The  data  determined  at  the  time  of  sampling  during  1909  comprise 
a  Brix  reading  on  the  fresh  must,  and  titration  for  total  acid  as  soon 
as  the  sample  was  crushed  and  pressed;  in  most  cases  the  sample 
was  further  analyzed  by  determining  the  specific  gravity  by  pyk- 
nometer,  the  total  solids,  sugar-free  soUds,  and  total  sugar.  Inver- 
sion was  only  resorted  to  when  the  results  showed  excessive  sugar- 
free  solids  by  direct  determination.  Volatile  acid  was  not  deter- 
mined on  the  fresh  fruit  during  1909,  as  the  data  for  the  previous 
year  showed  this  to  be  unimportant.  Samples  which  were  not 
analyzed  as  fresh  fruit  were  treated  with  pure  mercuric  chlorid  and 
stored  for  analysis  later,  0.2  gram  being  used  for  400  cc  of  juice.  A 
correction  for  the  use  of  mercuric  chlorid  was  found  to  be  unneces- 
sary when  the  pure  crystallized  salt  is  used.  The  results  on  acid  in  a 
juice  are  usually  lower  if  the  sample  has  stood  in  a  bottle  for  some 
time,  owing  to  the  precipitation  of  crude  ''tartar."  Tests  on  a 
number  of  varieties  showed  this  to  amount  approximately  to  0.064 
gram  per  100  cc  for  white  juice  and  0.051  gram  for  red  juice.  The 
results  given  in  the  table  are  not,  however,  affected  by  this  fact, 
because  the  acid  was  determined  in  the  fresh  juice. 
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The  results  for  1909  are  summarized  by  varieties,  bringing  together 
all  the  samples  collected  in  each  locality.  These  data  are  found  in 
Table  II  (p.  21).  The  composite  samples  from  the  individual  wine 
cellars  are  arranged  together  without  reference  to  the  locality  from 
which  the  crops  came. 

The  year  1909  was  remarkable  for  the  very  heavy  crop  of  fruit 
borne  on  the  vines.  It  was  commonly  remarked  by  the  growers 
that  such  an  abundant  crop  had  seldom  been  produced.  But 
unfortunately  the  latter  part  of  the  season  was  very  unpropitious 
for  the  ripening  of  the  load  of  fruit  with  which  the  Catawba  vines 
were  weighed  down.  Cold,  rainy  weather  set  in  when  the  main 
crop  was  barely  colored,  and  this  continued  with  slight  intermission 
until  actual  freezes  injured  the  foliage,  with  the  result  that  in  some 
vineyards  a  considerable  portion  of  the  crop  did  not  mature  and  was 
either  a  total  loss  or  was  sold  at  low  prices — ^from  $12  to  $15  per  ton. 
A  considerable  number  of  these  pale  Catawba  samples  were  tested  for 
sugar  and  acid  and  found  to  run  from  2  to  4  per  cent  lower  in  sugar 
and  about  2  per  mille,  i.  e.,  per  1,000,  or  0.2  per  cent,  higher  in  acid 
than  the  average  mature  grapes.  In  1909  every  variety  to  which 
special  attention  has  been  called  (namely,  Clinton,  Concord,  Ives, 
and  Norton  of  the  red-juice  grapes,  and  Catawba,  Delaware,  and 
lona  of  the  white-juice  grapes),  shows  a  sugar  content  from  1  to  4 
per  cent  lower  than  in  1908,  and  the  acid  is  higher.  Yet  even  in  this 
admittedly  very  unfavorable  year  the  grapes  were,  on  the  whole,  of  a 
good  quaUty.  It  is  notable  that  out  of  16  samples  of  Catawba  juice 
secured  from  a  single  cellar  only  2  fell  below  the  average  of  16.31 
per  cent  of  sugar  for  the  entire  84  samples  from  all  sources  in  Ohio, 
and  that  the  acid  was  only  slightly  higher  than  the  average  in  8 
instances  out  of  the  16.  Thus  even  in  a  bad  crop  year  it  is  shown 
that  fruit  of  very  fair  quaUty  can  be  selected.  The  16  juice  samples 
mentioned  were  from  selected  crops  bought  for  making  champagne 
wine  and  indicate  that  the  quaUty  of  the  fruit  can  be  greatly  affected 
by  the  method  of  growing  the  crop. 

INVESTIGATION  OF  1910. 

The  season  of  1910  was  marked  by  the  almost  total  failure  of  the 
grape  crop  in  some  sections  of  the  northern  fruit  belt,  due  to  the 
severe  late  spring  frosts.  However,  the  Lake  Erie  and  central 
New  York  districts  gave  about  40  to  60  per  cent  of  a  crop.  On  the 
whole  the  quaUty  of  the  crop  was  in  most  instances  quite  equal  to 
that  of  1908.  The  sampling  work  was  extended  to  cover  more  fuUy 
the  two  districts  mentioned,  and  a  few  samples  of  Concord  grapes  were 
secured  from  Miclxigan.  The  manipulation  of  the  samples  was  the 
same  as  previously  noted,  and  aU  deferred  analyses  were  completed 
by  December  20,  1910.    A  large  number  of  varieties  were  analyzed 
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which,  judgmg  from  the  results,  are  of  Uttle  importance  {or  the 
manufacture  of  grape  products,  but  it  was  thought  best  to  include 
in  the  investigation  all  varieties  found  in  the  districts  covered  for  a 
period  of  several  years,  so  that  the  data  accumulated  might  be 
exhaustive. 

During  the  season  of  1910  the  work  was  furthered  by  the  hearty 
cooperation  of  the  New  Yoik  Agricultural  Experiment  Station,  both 
at  ike  main  station  at  Geneva  and  at  the  grape  station  at  Fredonia, 
N.  Y.  Prof.  Hedrick  and  his  colleagues  collected  and  forwarded  all 
the  samples  from  Geneva  and  from  the  Chautauqua  grape  belt.  In 
the  Lake  Keuka  district  the  very  efficient  cooperation  of  Mr.  L.  D. 
Masson  at  Hammondsport,  N.  Y.,  and  of  Mr.  W.  N.  Wise  at  Penn 
Yan,  N.  Y.,  was  secured.  For  the  important  grape  district  about 
North  East,  Pa.,  Mr.  Fred  Johnson,  agent  and  expert  for  the  Bureau 
of  Entomology,  in  charge  of  the  investigation  of  grape  insects  at  that 
point,  was  authorized  to  collect  and  forward  samples  of  fruit  to  the 
Sandusky  laboratory,  which  he  did  in  a  most  satisfactory  manner. 
For  the  Lake  Erie  islands  Mr.  Henry  Elfers  at  Kelleys  Island,  Mr. 
H.  J.  Bums  at  Middle  Bass,  and  Mr.  R.  Siefield  at  North  Bass,  ren- 
dered very  valuable  assistance  in  collecting  and  forwarding  samples. 

The  tabular  presentation  of  the  analyses  for  1910  follows  the  same 
plan  as  that  of  the  two  previous  years  and  is  sufficiently  comprehen- 
sive to  warrant  careful  study  both  by  the  grape  grower  and  the  manu- 
facturer of  grape  by-products.  (See  Table  III,  p.  27.)  It  is  not 
warrantable  at  this  time  to  theorize  on  the  results  of  these  three  years 
of  investigation  ftuiiher  than  to  point  out  the  remarkably  good  qual- 
ity of  such  varieties  as  Catawba,  Delaware,  lona,  and  others  of  the 
^apes  with  light-colored  juice  and  also  the  rather  unexpected  high 
Bugar  content  shown  by  Concord.  Norton  and  Clinton  have  a  very 
good  percentage  of  sugar,  but  such  a  very  high  percentage  of  acid  as 
to  render  their  value  for  the  northern  grape  belt  problematical.  But 
Montefiore,  which  is  so  little  grown  that  it  could  not  be  studied 
sufficiently  to  determine  its  value  with  any  certainty,  has  much 
promise  because  of  the  low  acid  and  the  high  sugar  content.  If  it 
can  be  successfully  cultivated  this  should  prove  an  important  grape. 

A  tabular  statement  of  the  average  sugar  and  acid  content  for  four 
t)f  the  red  and  three  of  the  white  juice  grapes  commercially  accepted 
as  the  best  for  wine  making  in  the  northern  grape  belt  is  given  in  the 
following  table,  which  covers  the  data  for  the  three  years  during 
which  the  work  has  been  in  progress.  Dining  the  first  year  only 
Ohio  samples  were  examined,  but  after  that  time  samples  from  other 
localities  were  included,  except  in  the  case  of  Norton.  The  Ohio 
samples  are  given  separately  and  then  the  data  for  all  of  the  samples 
together,  since  that  district  is  so  much  better  represented  in  most 
instances,  and  also,  thus  far,  presents  some  indications  of  a  higher 
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sugar  and  lower  acid  content  than  fruit  from  the  other  States.  This 
is  an  interesting  point,  but  it  must  be  confirmed  by  a  more  complete 
examination  of  fruit  from  the  other  sources  before  a  defimte  state- 
ment can  be  made. 

The  varieties  compared  include,  as  stated,  some  of  the  most  im- 
portant commercial  varieties,  and  also  represent  the  three  groups 
of  native  grapes  from  which  our  cultivated  varieties  are  mostly  de- 
rived, namely,  the  Riparia,  Aestivalis,  and  Labrusca  groups,  as  well 
as  Vinif era  hybrids.  Further  investigations,  dealing  more  critically 
with  a  large  number  of  varieties  of  each  of  these  groups,  are  much 
needed. 

The  Delaware  and  lona  (Labrusca  and  Yinifera  hybrids)  have  a 
remarkably  high  sugar  and  low  acid  content;  Catawba,  a  Labrusca, 
with  possibly  a  strain  of  Yinifera  parentage,  shows  fairly  high  sugar, 
and  also  high  acid ;  the  Ives  and  Concord,  pure  natives  of  the  Labrusca 
group,  are  low  in  acid  and  not  sufficiently  high  in  sugar  to  make  a 
claret  wine  of  the  usual  strength;  that  is,  from  9  to  10  per  cent  of 
alcohol.  Clinton  represents  the  Riparia  and  Norton  the  Aestivalis 
group  of  our  native  species.  Both  of  these  can  be  grown  with  sufficient 
sugar  content  to  make  a  fine,  sound  wine,  but  they  are  strongly  acid. 


Companion  of  average  sugar  and  add  content  of  important  varieties  for  three  years, 

[pressed  in  grams 
specific  gravity.] 


[Pezoentage  data  calculated  from  results  expressed  in  grams  per  100  oc  (Tables  I-III)  by  dividing  by  tha 

'-y.f 


Samples  trom  all  souroes. 

Variety  and  year. 

Total 

sugar. 

Total  acid. 

Total  sugar. 

Total  acid. 

Number 

of 
samples. 

Amount. 

Number 

of 
samples. 

Amount. 

Number 

of 
samples. 

Amount. 

Number 

of 
samples. 

Amount. 

Clinton: 

1908 

6 
12 
3 

11 
46 
90 

19 
27 
18 

3 
11 
6 

25 
84 
84 

2 
22 
11 

1 
3 
5 

Percent. 
17.76 
1&I4 
1&99 

ia20 
14.92 
ia77 

15l06 
14.05 
14.79 

22.79 
17.84 
19.53 

1&81 
1&31 
19.20 

22.84 
1&96 
22.02 

10.35 
17.82 

lasi 

5 
12 
3 

11 
40 
30 

19 
26 
18 

3 
11 
5 

25 
84 
84 

2 
17 
11 

1 
8 
5 

Percent. 
a998 
L553 
1.755 

.434 
.646 
.603 

.485 
.721 
.693 

.907 
L667 
L534 

.750 
L067 
.984 

.423 

.748 
.720 

.623 
.757 
.793 

Percent. 

Percent. 

1900 

16 
7 

16.30 
1&12 

16 

7 

L638 

1910 

L872 

Concord: 

1908 

1909  ... 

76 

88 

14.80 
1&76 

69 
88 

.681 

1910 

.785 

Ives: 

1908 

1909 

30 
22 

18.76 
14.82 

20 
22 

.720 

1910 

.720 

Norton: 

1908 

1900 

1910 

Catowba: 

1908 

1909 

01 
03 

16.50 
19.01 

91 
03 

L08O 

1910 

L016 

Delaware: 

1908 

1900 

36 
28 

ia92 
19.57 

31 
28 

.762 

1910 

.803 

lona: 

1908 

1909 

4 

8 

1818 
19.16 

4 
8 

.770 

1910 
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8XXBLING8  AND  UNKNOWN  VABIETISS. 

In  covering  as  large  a  territory  as  that  from  which  the  samples 
listed  in  this  report  have  been  collected,  natm'ally  a  number  of  seed- 
lings or  unknown  varieties  have  been  received.  Of  these,  nine  ap{>ear 
to  merit  special  attention.  For  convenience  only,  these  are  nmnbered 
from  1  to  9. 

The  first  mentioned  in  the  table  which  follows  was  foimd  in  the 
vineyard  of  Mr.  N.  Schneider  at  Vermilion,  Ohio.  He  states  that  it 
is  a  seedling  grown  by  him  some  years  ago  direct  from  Catawba,  and 
the  characteristics  of  the  vine  and  the  fruit  bear  out  his  statement 
as  to  parentage.  It  has  a  more  neutral  flavor  than  Catawba  and 
when  fully  ripe  tastes  less  acid,  but  the  analyses  do  not  show  much  in 
its  favor  as  compared  with  the  parent  stock.  However,  its  vinous 
character  deserves  attention. 

The  second  of  these  seedlings  was  found  in  the  vineyard  of  Mr.  E. 
L.  Steuk,  at  Venice,  Ohio,  and  is  of  unknown  parentage.  The  full 
discussion  of  this  grape  given  in  Biureau  of  Chemistry  Bulletin  140 
renders  further  consideration  unnecessary.  Yet  it  is  important  to 
ddl  attention  to  its  very  low  acid  and  fairly  hi^  sugar  content.  The 
flavor  is  very  mild,  almost  insipid  when  ripe.  The  fruit  is  somewhat 
of  the  lona  type. 

The  seedling  secured  from  Mr.  J.  H.  Bauman,  Kelleys  Island, 
Ohio,  is  high  in  sugar  and  has  a  very  desirable  type  of  bunch,  the 
fruit  is  red  in  color,  with  white  juice  and  good  flavor.  No  sample  of 
this  fruit  was  secured  in  1910. 

The  sample  from  Mr.  L.  C.  Dodge,  Middle  Bass  Island,  Ohio,  did 
not  show  up  well  in  the  analysis  for  1909,  but  in  1910  it  had  a  high 
sugar  content,  low  acid,  and  mild  flavor.  The  fruit  is  like  Catawba 
in  type,  and  it  is  perhaps  a  seedling  of  this  variety. 

TTie  seedling  from  Mr.  N.  Wagner,  Brpwnhelm,  Ohio,  showed 
remarkably  high  sugar  and  low  acid  for  the  year  1909.  No  sample 
was  secured  in  1910. 

The  sample  from  Mr.  H.  Ktlmmel,  Middle  Bass  Island,  Ohio,  shows 
only  a  fair  amount  of  sugar,  but  the  acid  is  low  and  the  flavor  very 
good,  being  mild  and  vinous.  The  fruit  is  black,  and  the  bunches 
compact,  of  the  Norton  type.  Such  a  grape  might  be  desirable  to 
mix  with  Clinton  or  Norton. 

The  seedling  secured  from  Mr.  H.  Beatty,  Kelleys  Island,  Ohio, 
showed  very  high  sugar  for  1910,  and  low  acid  in  both  years.  It  has 
loose  bunches,  black  fruit  with  white  juice,  is  mild  in  flavor,  and 
might  be  desirable  for  blending.    Its  parentage  is  unknown. 

From  Mr.  J.  Schonhardt,  Venice,  Ohio,  two  samples  were  obtained, 
numbered  8  and  9  in  the  table.  No.  8  is  like  Concord  in  type  of 
bunch  and  in  color,  but  is  very  much  higher  in  sugar  content,  with  a 
6874*»— BuU.  146-11 3 
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moderately  low  acid.  No.  9  is  Catawba  in  type,  with  a  remarkably 
high  sugar  and  low  acid.  If  these  last  have  such  growth  character- 
istics as  to  render  their  culture  practicable  they  can  not  fail  to  be  of 
coromercial  value. 

Sugar  and  acid  content  of  seedlings  or  unknovm  varieties. 


Seed- 
ling 

No. 

Field 
No. 

1 

106 

1 

91 

1 

204 

2 

122 

3 

179 

2 

241 

2 

50 

2 

131 

3 

361 

4 

491 

4 

53 

5 

331 

6 

203 

6 

69 

7 

71 

7 

348 

8 

41 

9 

229 

Grower  and  address. 


Date  of 

sampling. 


Total  sugar  as 
invert. 


Orams.  Percent. 


Acid  as  tartaric 


Orams.  Percent. 


N.  Schneider,  Vermilion,  Ohio  . 
.do 


.do. 


E.  L.  Steulc,  Venice,  Ohio 

do 

do 

....do 

....do 

J.  H.  Bauman,  Kelleys  Island,  Ohio. 

L.  C.  Dodge,  Middle  Bass,  Ohio 

.do. 


N.  Wagner,  Brownhelm,  Ohio . . . 
H.  KOmmel,  Middle  Bass,  Oliio. 
.do. 


H.  Beatty.KeUeys  Island,  Ohio. 

do 

J.  Schonhaf4t,  Venice,  Ohio 

do 


Oct  7,1909 
Sept.  24. 1910 
Oct.  2,1910 
Oct.  1,1909 
Oct.  6,1909 
Oct.  9,1909 
Sept.  16. 1910 
Sept.  26, 1910 
Oct  20,1909 
Oct  27,1909 
Sept  17,1910 
Oct  17.1909 
Oct  7,1909 
Sept  21,1910 
Sept  24,1909 
Oct.  8, 1910 
Sept.  16,1910 
Oct.     3, 1910 


21.21 
20.00 
19.95 
19.52 
17.41 
18.78 
19.96 
22.37 
20.43 
13.44 
19.91 
19.08 
18.37 
17.50 
18.41 
24.39 
22.43 
26.11 


19.42 
18.40 
18.85 
17.99 
16.21 
18.43 
17.42 
20.45 
18.76 
12.64 
18.32 
17.66 
16.90 
16.25 
17.05 
22.13 
20.46 
23.54 


0.979 
1.144 
1.005 
.521 
.473 
.450 
.629 
.439 
.938 
1.301 
.743 
.754 
.614 
.664 
.656 
.626 
.848 


0.897 
1.063 
.925 
.480 
.440 
.416 
.418 
.401 
.861 
1.223 
.684 
.694 
.473 
.616 
.607 
.568 
.763 
.616 


eBAPES  OBOwv  nr  vntonriA,  1908-1910. 

Formerly  Charlottesville,  Va.,  was  a  grape-growing  center  of  con- 
siderable importance,  but  the  very  destructive  ravages  of  black  rot 
from  1886  to  1890,  before  the  present  methods  of  controlUng  this 
disease  were  developed,  among  other  factors  resulted  in  greatly 
reducing  the. area  of  grapes  in  cultivation.  There  remains,  however, 
a  small  but  important  industry  which  is  confined  chiefly  to  growing 
Norton  grapes  for  wine  in  the  Piedmont  section  of  Virginia.  This 
district  is  the  natural  home  of  the  Norton,  where,  under  careful  cul- 
tivation, it  grows  to  a  perfection  seldom  reached  elsewhere.  With 
the  exception  of  this  variety,  the  grape-growing  industry  is  of  very 
little  importance  in  the  Virginia  Piedmont.  During  the  years  1909 
and  1910,  however,  samples  were  obtained  of  all  of  the  other  varieties 
obtainable  from  the  local  wine  cellars  at  Charlottesville. 

The  Norton  is,  when  matured  properly,  such  a  valuable  grape  for 
red  wine  and  for  grape-juice  manufacture  that  it  is  worthy  of  a 
thorough  investigation.  There  is  also  every  reason  to  believe  that 
most  of  the  commonly  grown  American  grapes  can  be  produced  in 
the  Virginia  Piedmont  of  a  quality  quite  equal  to  those  of  other 
sections,  but  the  results  show  that  at  present  this  is  not  done.  How- 
ever, in  the  case  of  the  Norton  the  high  content  of  sugar  and  the  low 
acid  indicate  a  grape  superior,  in  the  main,  to  the  samples  of  this 
variety  from  other  districts. 
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The  climate  imd  soil  eonditioius  of  the  Virginia  Piedmont  are  so 
different  from  those  of  the  northern  grape  belt  that  it  seems  best  to 
present  the  results  for  this  district  in  a  separate  table.  It  is  intended 
to  extend  the  investigation  of  the  composition  of  grapes  grown  in  the 
Atlantic  Coast  States  so  as  to  cover  the  territory  more  thoroughly 
and  to  secure  a  larger  number  of  samples.  The  data  here  presented 
are  not  sufficient  to  warrant  conclusions,  but  they  are  interesting 
and  show  the  possibility  of  producing  a  very  high  quality  in  at  least 
some  of  the  black  grapes  grown  in  this  section. 

The  samples  analyzed  at  the  Stonehenge  Laboratory  were  obtained 
through  the  courtesy  of  Mr.  A.  Russow,  of  the  Monticello  Wine  Co., 
and  were  taken  by  him  from  the  fruit  brought  to  the  wine  cellar  at 
vintage  time.  It  was  endeavored  to  make  the  sample  represent  the 
crop  as  delivered. 

For  1908  only  samples  of  Norton  were  obtained.  These  show  a 
very  high  average  sugar  content  and  an  average  acid  content  of  less 
than  1  per  cent.  This  is  certainly  a  high  quality  and  warrants  the 
stat^nent  that  such  a  juice  needs  very  little  change  in  composition 
for  wine  making.  The  maximum  sugar  content  found  of  22.34  per 
cent,  with  0.902  of  total  acid,  is  phenomenal  for  a  strictly  American 
grape.  A  comparison  of  the  three  years'  results  on  Norton  shows 
that  the  same  vineyard  has  in  each  year  yielded  the  maximum 
quality,  the  average  for  the  three  years  being  above  22  per  cent  of 
sugar  and  8  per  mille  of  acid  (i.  e.,  per  thousand,  or  0.8  per  cent). 
In  several  instances  the  sampling  of  the  Norton  grapes  covers  a 
period  of  from  four  to  seven  days,  yet  th^re  is  no  marked  difference 
shown  in  composition.  The  question  of  the  changes  in  percentage 
of  acid  and  sugar  in  the  grapes  grown  in  this  district  needs  a  thorough 
investigation. 

During  1909  and  1910  the  sampling  of  several  crops  of  Concord 
grapes  also  covered  a  period  from  four  to  seven  days,  and  decided 
improvement  was  shown  in  some  of  these  crops  during  this  time, 
while  in  other  cases  it  was  slight.  The  sampling  of  several  crops  of 
Ives  for  like  periods  shows  no  decided  results  in  favor  of  the  later 
pickings,  and  in  some  cases  a  deterioration  is  indicated.  These 
data  are  by  no  means  to  be  accepted  as  proof  that  the  crops  actually 
deteriorated.  The  question  needs  a  careful  investigation  of  reserved 
vines,  which  can  be  studied  for  a  much  longer  period,  before  it  can 
be  definitely  answered.  In  the  opinion  of  the  writer  none  of  the 
results  for  Concord  and  Ives  show  the  quality  which  may  be  produced 
by  thoroughly  maturing  these  varieties.  Table  IV  (p.  35)  presents  the 
average  data  obtained  on  these  Virginia  grapes. 
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TABULATION  OF  AHALTTICAL  DATA  OV  SAMPLES  COLLECTED 
AT  SAiroUSKT,  OHIO. 

DATA  FOB  1908. 


Table  I. — Average,  maximum,  and  minimum  data  for  J908y  arranged  by  varieties  and 
localities.    (Analyses  by  Hartmann  and  Eoff.) 

[Results  expressed  in  grains  per  100  oc  of  expressed  juioe.] 


Variety  and  locality. 


Total  soUds. 


Sugai^fr«e 
solids. 


Sugar  as  invert. 


Acid  as  tartaric 


Bacchus. 
Vermilion,  Ohk>... 
Catawba. 


Kelleys  Island,  Ohio. 
Middle  Bass,  Ohio.... 

North  Bass,  Ohio 

Port  Clinton,  Ohio... 

Put  in  Bay,  Ohio 

Vermilion,  Ohio 


Averages,  limits,  and 
totals 

CUNTOK. 


Huron,  Ohio 

North  Bass,  Ohio.. 
Vermilion,  Ohio... 


Av( 
to1 


and 


Concord. 

Berlin  Heights,  Ohio. . . 

Brownhelm,  Ohio 

Kelleys  Island,  Ohio.... 

liarblehead,  Ohio 

North  Bass,  Ohio 

Sandusky,  Ohio 

Vermilion,  Ohio 

Locality  not  given. 


Averages,  limits,  and 
totals 


Dblawabb. 
North  Bass,  Ohio... 


lONA. 

Vermilion,  Ohio 

Isabella. 

Kelleys  Island,  Ohio . . 

Ives. 

Catawba  Island,  Ohio. 

Ceylon,  Ohio 

Danbury,  Ohio 

Huron,  Ohio 

liarblehead,  Ohio 

Put  in  Bay,  Ohio 

Vennilion,  Ohio 


Averages,    limits, 
and  totals 


22.1 


23.28 


23.46 


23.09 


2.77 


2.82 


2.72  20.5120.74 


20.27 


1.205 


1.215 


1.19ft 


10 


21.2 
19.9 
19.3 
21.6 
21.1 
19.1 


22.98 
21.70 
20.89 
22.42 
22.74 
20.41 


24.07 


123.25 
24.57 


21.83 


21.69 
21.59 


2.21 
2.13 
2.09 
2.11 
2.23 
2.00 


2.39 


2.23 
2.70 


1.94 


2.00 
1.87 


20.77 

19.57 

18.80 

20. 

20.51 

18.41 


22.73 


3021 


.02 
22.70 


19.48 


19.59 
19.57 


.825 
.743 

.855 
.769 
.839 
.638 


1.013 


.675 


.788 
.971 


.760 
.668 


25 


21 


20.9 


22.64  24.67 


21.59 


2.70 


1.87 


20.45 


22.73 


19.48 


.775 


1.013 


.668 


22.5 
18.9 
19. 


23.45 
19.21 
20.07 


24.  (H 


22.54 


2.64 
2.78 
2.56 


2.81 


2.49 


20.81 
16.43 
17.51 


21.43 


19.73 


.975 
1.265 
.215 


1.125 


21.2 


21.93  24.04 


22.54 


2.65 


2.81 


19.28 


19.73 


1.125 


.866 


19.8 
18.2 
19.5 
17.2 
18.6 
17.6 
17.6 
16.7 


20.73 

18.74 
20.67 
18.16 
19.89 
17.83 
18.74 
16.70 


20.83 
26.67 
26*60 


20.31 
i9.'52 

ie.'ss 


1.85 

1.68 

1.90 

1.21 

1 

2.08 

1.74 

1.40 


2.29 
1*79 
2.'63 


1.51 

i.' 

if  46 


18.80 
17.06 
18.67 
16.95 
18.10 
75 
16.99 
15.30 


19.32 

i8.*48 
i8.*57 


18.02 
i7.*73 
is.' 42 


.473 
.488 
.426 
.349 
.488 
.454 
.495 
.644 


.473 


.37« 


.678 


.621 


.460 


18.3 


19.12  JO.  83 


16.88 


1.72 


2.29 


1.46 


17.40 


19.32 


.578 


.379 


24.8 


27.27 


23.30 


20.3  21.83 


21.86 


16.6 
17.0 
17.4 
19.1 
16.8 
17.2 
16.7 


19 


16   17.9 


17.64 
18.37 
18.28 
21.19 
17.48 
18.03 
17.16 


18.09 


28.46 


26.09 


2.03 


2.28 


1.78 


25.24 


26.18 


24.31 


.467 


.495 


.439 


2.21 


.679 


21.80   1.95 


2.03   1.86 


19.04  19.83    .540 


.656 


.424 


18.66 
19.00 
22.72 

i8.*i4 
19.68 


16.13 
17.56 


1.80 
1.87 
2.05 


18.48   2.09 
1 


17.93 
15.  n 


15.71 


1.96 
2.06 
2.46 


2.09 
1.96 


1.97 


2.46 


1.75 
2.04 
1.50 


15.84 
15.49 
16.23 


16.91 
16.96 


2.40   1.78 


19.1021.22 
15.60 


15.94 


1.5016.1221.22 


16.36 


14.28 
15.60 
16.16 

is.' 53 
13.62 


.379 
.553 
.606 
.490 
.614 
.603 
.610 


.608 
.525 
.655 


.461 
.488 
.376 


.776 
.551 


.431 
.431 


13.62   .619 


.776 


.375 
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Table  I. — Averaget  maximum,  €md  minimum  data  far  1908,  arranged  by  varieties  and 

loeaUHea — Oontinu^. 


VailBty  AQd  locaUty. 


Total  solids. 


Kdids. 


Sugar  as  invert. 


Acid  as  tartaric 


MOHTSnOEK. 

KeUeys  Island,  Ohio... 

NOBTOH. 


Huron,  Ohio 

EeUeysIsland^Ohlo. 
Ventoe,  Ohio 


0) 


25.4 


27.17 


28.630.66 


25.4 


27.38,. 


3.06 
3.23 
3.00 


Averages,    limits, 
and  totals 


26.6  28.37 


Rdbsumo. 
Kdleys  Island,  Ohio.... 

SCHEAIDT. 

North  Ban,  Ohio 

SUDUNG  (SCHMXIDSR)  .  . 

Vermilion,  Ohio 


20.66 


2.06 


21.20 


26.0 


28.17 


2.97 


i 


2.33 


24.80 


24.12 
27.32 
24.38 


25.27 


18.57 


18.23 


25.84 


.401 


1.013 
1.010 


1.006 


.656 


1.294 


1  Brix  not  read. 
DATA  FOB  1909. 


Tabi,b  II. — Average,  maximum^  and  minimum  data  for  1909,  arranged  by  varieties  and 
localities.    (Analyses  by  Hartmann  and  Eoff.) 

(Resnlts  expressed  in  grams  per  100  cc  of  expressed  Juice.] 


Variety  and  locality. 


AOAWAlf. 


North  East,  Pa.. 
Ripley,  N.  v.... 


Averages,    limits, 
and  totals 


Bacchus. 

KeUeys  Island.  Ohio. 
Middle  Bass,  Ohio... 
North  Bass,  Ohio.... 
Sandusky,  Ohio*..:. 
Brocton,N.Y 


Averages,    limits, 
and  totals 


16.7 
0) 


2      2M6.7 


21.0 
21.0 
0) 


«21.8 


Total  solids. 


17.60" 
22.07 


19.88 


23.121 
24.37,25.17 


«^.  Of  I. 

22.20 
22:625.09 
21.422.83 


23.76j26. 


17 


3.61 


23.51 


Sugar-free 
solids. 


2.16 
1.81 


1.98 


4.21 

4.22  4.301  4.16120. 

4.10 

4.66 

3.33 


4.12  4.30 


4.16 


Sugar  as  invert. 


Add  as  tartaric 


15.64 
22.26 


17.90 


18.91 
1.16 
18.10 
20.63 
18.60 


19.61 


21.01 


21. 0l'l9.30 1.862 


1.043 


.840 


1.996 
19.301.687 


2.166 
1.672 
1. 


1.8161.620 


1.8161.620 


1  Brix  not  read, 
s  One  sample. 


*  A.  Schmidt,  jr.,  A  Bros. 

*  Only  6  tampies. 
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Table  II. — Average^  maximum^  and  minimum  data  for  1909 ,  arranged  by  varieties  and 

localities — ContinucMl . 


Variety  and  locality. 


Total  solids. 


Sugar-free 
solids. 


Sugar  as  invert. 


Add  as  tartaric 


Brighton. 


Venice, 


Bay,  O 
,  Ohio. 


Averages,    limits, 
and  totals 


Campbell's  Eablt. 


Kelleys  Island,  Ohio. 

CUNTON. 


Brownhelm,  Ohio.. 

Huron,  Ohio 

Middle  Bass,  Ohio.. 
North  Bass,  Ohio... 
Sandusky,  Ohio  *. . . 
Sanduslty.  Ohio«.. 

Venice,  Ohio 

North  Etet,  Pa 

Blufl  Point,  N.Y.. 
Brocton,N.Y 


Avonges,    limits, 
and  totals 


Catawba. 


Brownhelm,  Ohio 

Danbury ,  Ohio 

Euclid. Ohio 

Kelleys  Island,  Ohio 

Middle  Bass,  Ohio 

North  Bass,  Ohio 

Put  in  Bay,  Ohio 

Sandusky,  Ohio: 
American  Wine  Co. . . , 
Bass  Island  Vineyard 

Co 

Duroy  &  Haines 

Engels  &  Krudwig — 
A.    Schmidt,    jr.,    & 

Bros 

Sweet  VaUey  Wine  Co 

Venice,  Ohio 

North  East,  Pa 

Brocton,  N.  Y 


Ripley,  N.Y.. 
Sheridan,  N. ' 


Averages,    limits, 
and  totals 


Concord. 


Brownhelm,  Ohio 

Catawba  Island,  Ohio. 

Danbury,  Ohio 

Euclid,  Ohio 

Oypsimi,  Ohio 

Kelleys  Island,  Ohio. . . 

Middle  Bass.  Ohio 

Noble,  Ohio 

North  Bass.  Ohio 


16 


18.9 


20.62 
25.30 


2.25 
2.73 


18.37 
22.67 


.663 
.611 


18.9 


22.96 


2.49 


20.47 


.632 


1    0) 


«22.1 
0) 
22. 
0) 
22.1 
20. 

U8.7 
22.1 
21.2 
18.9 


12 


3 


15.94 


2.33 


13.61 


.784 


24.6919.31 


21.95 
25.67 
27 
22.4321.41 
25.17 
021.78 


024. 


18.92 
24. 
23. 
20. 


19.97 
9i 


70 

3024. 

49... 


20.44 

i7.*83 
2i*76 


4. 

3.89 
3.84 
3.66 
4.88 
3.87 
4.05 
4.64 
4.18 
4. 


4.21 
3.47 


1.26  3.82 

i.*i9  4.' is 


17.7220. 

21.78 

20.43 

17.36 

20.29 

17.91 

14.87 

20.06 

19.12 

16.46 


3816.05 
75 16.97 


2.130 


1.740 


1.936 
1.456 
1.730 
1.7661.806^1.702 


20.922.07 


24.91 


17.83 


19.7 
19.1 

19.3 
•19. 
•  19. 
'19. 


-'.^.07 


20.86 


21.9- 

20.4! 

19.63 

20. 99  22. 2&  19. 34 

21.1323.2619.60 
.6923.35118.84 
.8322.8018.48 


921. 


020. 


20.8021.04 


6021 


•19.0 

•19. 2 
18.9 
20.3 

17.2 
18.0 
W19.3 
17.4 
16.8 
19.2 
17.919.42 


20. 

20.77 

22.16 

18.27 

19.18 

20.37 

19.01 

17. 

21.07 


.4619.79 
22.1519.44 


64 


•17.817.6818.97 


16.9 

•16.2 

0) 

17.9 


7.75 
17.66 
19.79 
18.19 
•»  18. 8,20. 07 
16. 6  18. 04)19.84 
0)  18.081 
18. 2'l8. 33-19. 


20.39 


19.00117.09 


21.15 
23.13 
19.60 
26 


18.01 
18.92 
18.40 
16.47 


19. 0!22. 80  23. 35 16. 47 


4.06 


4.26 


3.47 


3.27 

2.73 

2.87 

2.90 

2.49 

2. 

2. 


3.76  2.79 


1.50 


1.70 


3.66 
2.82 
3.18 
3.32 


2.85  3.62 


2.84 
2.77 
3.58 

2.15 
2.33 
2.82 
3.01 
3.07 
2.29 
2.20 


3.60 
3.10 


2.17 
2.47 
3.22 
3.21 
3.55 


2.72 


3.76 


2.23 


2.14 
2. 


14.01 
i7.'62 


1.726. 

l.« 

1.6681 

2.220. 

1.9462.0701.822 

2.130. 


1.032 


1.300 


17.8020.72 


14.01 


1.777 


1.806 


1.300 


18.60 
17.76 
16.76 
18.09 
18.63 


2.41 

2.32 

2!  03^  19. 1821.32 

2.11 


18.14 


18.01 


19.31 


18.07 


10.31 
20.88 


1.203 
1.486 
1.249 
1.2781 


1.316 


1.091 


16.93 

17.161.03311 

16.381.024 


19.6816.97 


18.81 


17.7618.84 
0119.05 
18.57 


4018. 


16.77 


16.19 
16.35 


384 

.174 

1.181 

1.09611.335 

1751.662 


1.163 
.881 
.844 
.960 

.045 


1201 


1.702 
256 


2.1316.1216.86 


2.1616.86 
2.2517.55 
2.8916.00 
2.5014.79 
18.78 
17.22 


2.03 


18.68 
20.11 
16.66 
16.67 


17.01 


14.92 
15.85 
15.73 
15.61 
12.02 


1.201 

1 

1.226 


1.1131.181 


.068 


1.058 
1.190|l.238jl.l63 


1.207  2.432 


1.627 

1.792 

.1.144 

(") 


20.11 


12.92 


14.01 


1.90,16. 10117.07 

15.72 

16.33,17.25^14.60 

17.42 

16.89; 

17. 9119.99 

15.98,18.00 

....15.42 

1.6116.8416.81 


16.49 
14.40 


14.881 


2.432 


.841 
.633 
.672 
.626 
.633 
.629 
".720 
.634 
.762 


1.642 


1.056 
1.410 


1.9721.613 


.030 
.803 


.844 


.096 
.'665 


776  .525 
1.060  '.'46i 


1  Brix  not  read. 

•  One  sample. 

»  Engels  &  Krudwig. 

•  A.  Schmidt,  Jr.,  &  Broa. 

•  Eight  sample. 

•  Five  samples. 


'  Sixteen  samples. 

•  Twelve  samples. 

•  Three  samples. 

10  Four  samples. 

11  Acid  not  made. 
!•  One  acid  given. 
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Table  II. — Average^  maximum^' and  minimum  data  for  1909 y  arranged  by  varieties  and 

localities — Continued. 


Vtriety  and  locality. 


CovooBi>— Contlnaed. 

Port  Clinton,  Ohio 

Pat  in  Baj.  Ohio 

flandosky,  Ohio: 

Bass  Island  Vineyard 
Co 

Engels  &.  Krudwig 

Sweet  Valley  Wine  Co. 

Jdo.  Dom 

Venlce.Ohlo 

North  East,  Pa. 

Bluff  Point,  N.  Y 

Brocton.N.  Y 

Hammondsport,  N.  Y... 

Keoka,N.Y 

PennYan,N.Y 

Pulteney.N.Y 

Ripley,N.Y 

SliSdan.N.Y 

Wayne.  N.Y 

W«8tfield,N.Y 

Averages,    limits, 
and  totals 

Cthtboana. 

Pntln  Bay,  Ohio 

Dklawasx. 

Brownhehn,  Ohio 

Danbnry,  Ohio 

Boclid,Ohlo 

Kelleys  Island,  Ohio.... 

Middle  Baas,  Ohio 

Noble,  Ohio 

North  Bass,  Ohio 

Sandusky,  Ohio: 
Sweet  Valley  Wine  Co. 

Venlce.Ohlo 

North  East,  Pa 

Btofl  Point,  N.Y 

Brocton,N.  Y 

Hammondsport,  N.  Y. . . 

PennYan.N/Y 

Pnltenev^N.Y 

Sheriin.N.Y]!;!!;!!!! 

Wayne,  N.Y 

We8taeld,N.Y 

Averages,  limits, 
and  totals 

Diana. 

KeDeys  Island,  Ohio.... 

Eltiea. 

Kellevs Island,  Ohio.... 

Mlddfe  Bass,  dhio 

North  Bass.  Ohio 

Venice,  Ohk) 

Averages,    limits, 
and  totals 


76 


36 


16.6 
18.3 


17. 
17. 
0) 
16.7 
lli«17. 
17. 
17.9 
17.3 
16.7 
16.3 
16.7 
15. 
16. 
(0 
16.9 
16.3 


318.32 


0^18.32 

15.50 

17.80 
8^18.7421.23 


018. 


515. 
817. 


19.94 
19.86 
18.56 
17.93 
17.85 


67 


24.226.70 
19.44 
2a  80 
24. 
22.81 
24.04 
*22.7  23.31 


»22.1 


34 


19 
1&82 
18.39 
17.77 
17.07 
17.64 

84 

.8219.06 
17.90 
17.80 
17.31 


17.0 


(>) 


21. 

(') 

21.1 

20.7 

20.2 

20. 

21.6 

20. 

18.4 

21.0 

20.9 

17.3 


20.9 


8  19.1 


Total  solids. 


17.0017.2016.60 


19.46 


20.49 


1&  14  21. 81 


24.14 


323. 


1.09 
25u21 

07 
22.46 
22.17 

99 


8|24. 


.76 
19.06 


22.75 
18.56 


22.97 


2ai22.07 


19.120.05 
16.06 
16.41 
17.17 


16.66 


17.80 
18.06 


2524.30 
24.99 


25.43 
27.12 
25.49 
22.72 


17.85 
18.32 


18.43 


16.23 
17.62 


Sugar-free 
soUds. 


1.96  2.25 


1.97 


2.55 
2.66 
1.90 
1.96 
16.651  2.39 


2.02 
1.81 


18.221  2.06 
17.621  1.79 


16.23 


16.47 


17.80 
16.23 


16.23 


24.20 

21.  oa 


26.0722.78 


20.45 
23.20 
22.65 
22.20 


22.8621.04 


25.4020.45 


14.64 
14.51 


18.3214.51 


1. 

2.15 

1.80 

1.91 

1.99 

1.70 

2.14 


2.15  3.07 


6.04 


2.22 
2.70 
2.74 
2.21 
2.00 
2.50 
2.25 

2.32 
2.86 
2.55 
2.34 
2.94 
1.96 
2.84 
2.05 
1.95 
2.20 
2.13 
2.36 


2.36 


2.17 


1.98 
2.25 
2.51 
3.00 


2.50 


1.99 


2.79 
2.37 
1.91 
2.29 
1.80 
1.92 


2.08 


1.79 
2.41 


2.45 
2.13 


3.21 

2.46 
2.89 
2.67 
2.89 


2.10 


3.21 


2.45 
3.25 


3.25 


1.8Q  15.04 
1.9517.« 


1.74 
1.77 
1.71 
1.84 
1.78 
1.81 


1.83 


1.61 
2.00 


1.61 


1.97 
1.80 


2.19 


Sugar  as  invert. 


8514. 


15.77 

15.66 

13.60 

15.84 

16.35 

16.17 

17.00 

16.32 

15.98 

15.2015. 

15.49 

14.04 

15.01 

15.91 

la  10 16. 19 


15.17 


15.99 


19.99 


19.10 


24.28 
16.66 
18.15 
22.04 
20.81 
21.45 
21.47 


2.1920.7623. 
2.84  22.34 
2.4321.54 
1.8020.11 
19.23 


1.85 


20.08 
21.04 
19.70 
17.10 
20.73 
20.62 
16.20 


1.8020.61 


19.90 


18.07 
1.9813.82 
2.7813. 

14.17 


1.96 


14.29 


15.37 


18.5016.48 


18.44 

17. 

18.04 

16.72 

16.13 


9614. 


17.18 


16.06 


22.23 
23.04 


23.34 


24 
24.28 
22.82 
20.92 


20.92 


24.28 


15.87 
07 


4015. 


15.87 


14.800.6110.6600.666 


14.22 
.22 
15.91 
15.93 
15.84 
42 


14.64 


16.01 
14.22 


14.01 


21.85 
18. 


20.50 

18.29 
20.41 
20.22 
19.31 


19.19 


19.19 


12.40 
11.13 


11.13 


Add  as  tartario. 


.645 


.874 
.729 


.600 


.739 
.713 
.930 
.724 
.742  .968 
1.076 
.975 


.847 
.613 
.753 
.716 
.615 
.827 
.829 
.600 


.748 


1.598 


.705 
.908 


1.046 
.645 
.814 


915  .730 


.736 
.990 


1.076 


.766 
•.773 
.791 
.8231.031 


.878 

.818 


.736 
.943 

1.022 
.758 

1.016 
.765 
.934 
.881 
.788 
.806 
.821 
.840 


.739 

1.031 

1.061 

788 


.8291.061 


.950 


765 

906 

1.277 

1.060 


1.002 


1.005 
1.354 


1.354 


.600 


.521 
.716 
.488 
.640 
.581 
.705 


.645 
.799 


.461 


.728 


.641 


.731 
.855 


.728 


.641 


666 
1.200 


.656 


>  Brlx  not  read, 
s  Four  samples. 
*  Ten  adds  given. 


« Two  adds  given. 
»  On  one  sample. 
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Table  II. — Average^  maximum^  and  minimum  data  for  1909,  arranged  by  varieties  and 

localitiu — Continuea. 


Variety  and  locality. 


Total  solids. 


Sugar-firee 
solids. 


Sugar  as  invert. 


Add  as  tartaric. 


Etta. 

North  Btts,  Ohio 

Greens  Eablt. 
KeUeys  Island,  Ohio  .. 

Gut  Edel. 
KeUeys  Island,  Ohio.. 
Hats. 

Put  in  Bay,  Ohio 

Habttobd. 
Middle  Bass,  Ohio 

lOMA. 

Kelleys  Island.  Ohio  . . 

Putin  Bay,  Ohio 

Brocton,  N.  Y 


Averages,    limits, 
and  totals 


Isabella. 


Euclid.  Ohio 

Marblehead,Ohio. 
North  East,  Pa.... 
Bluff  Point,  N.Y. 
Brocton,  N.Y 


Averages,    limits, 
and  totals 


Ives. 


Brownhelm,  Ohio 

Huron,  Ohio 

Kelleys  Island,  Ohio. 
Middle  Bass,  Ohio. . . . 

North  Bass,  Ohio 

Sandusky.  Ohio: 

Engels  dc  Krudwig. 

Sweet  VaUey  Wine  Co. 

JohnDom 

A.    Schmidt,    Jr., 

Bros 

Put  in  Bay.  Ohio  .... 

Venice,  Ohk) 

Vermilion,  Ohio 

North  East,  Pa...:... 
Hammondnwrt,  N.  Y 
Pulteney,  N.Y 


Averages, 
and  totals 

Martha. 

Brocton,  N.Y... . 


limits. 


31 


13.9 


(0 


14.20 


18.45 


21.923.77 


19.1 


20.94 


19.60 


19.9 
19.3 
21.0 


21.90 
21.83 
23.14 


22.3621.44 


2.96 


4.24 


3.57 


2.79 


Z04 


2.27 
3.02 
2.07 


11.24 


14.21 


20.20 


18.45 


17.56 


1.369 


.758 


1.144 


(«) 


2.67 


1.87 


19.63 
18.81 
21.07 


20.49 


18.77 


.806 
.851 
.881 


.855 


.758 


20.0 


22.19 


22.36 


21.44 


2.41 


2.67 


1.87 


19.78 


20.49 


18.77 


836<  .855 


14.9 
16.6 
16.2 


15.65 

13.13 

15.94 

17.6017.67 

17.25 


17.54 


2.22 
2.21 
2.44 
2.09 
2.57 


2.16  2. 


13.33 
10.92 
13.50 
15.51 
14.68 


15.52 


15.51 


.821 
1.064 
1.140 

.872 
1.240 


16.1 


16.18 


17.67 


17.54 


2.27 


2.16 


2.02 


13.91 


15.5215.51 


•17.6 

M7.6 

0) 


18.73 
18.04 
16.15 


19.44 
19.29 


17.64 
16.80 


16.717.78 
» 14.3 14. 79 

16.717.94 
17.0il8.66 
18.9|20.81 


19.00 
15.03 


16.57 
14.66 


3.05 
2.71 
2.78 
2.63 
2.20 


3.46 
2.97 


2.63 
2.46 


1.008 


.768 


.874 


.870 


.870 


2.791  2.28 
2.30  2.11 


18.69 
18.71 


18.68 
18.50 


18.8^.28 

16.918.26 
<  16. 6117. 16 
« 17.4,17.30,17.75 

12.613.39... 

14.915.35 

12.312.92 


16.62 
18.61 


17.95 
15.22 
16.47 


2.63  2.79 
3.29,  3.62 
3.83 


25 


16.4'17.39 


17.2 


18.06 


3.11 

2.84 

2.59 

2.30 

2.22 

1. 

2.16 


19.44 


14.56 


2.67 


1.99 


3.19 
2.92 
2.73 


3.62 


16.6815.9915.11 
15.3316.3214.36 

13.371 

15.2516.21 
12.6912.73 


2.50 
2.96 


14.29 
12.46 


16.19 
15.65 


2.50 
1.81 
2.04 


15.31 
16.37 
16.98 


17.17... 
16.4216.08 


14.03 
15.09 


14.56 
15.00 
11.17 
13.4: 
10.76 


15.73 
15.71 


1.81 


14.72 


16.07 


16.32 


.9351.118 
.037   .656 

.896 

.7161  .784 
.742   .765 


.720 
.619 


.651 
.744 
.788 


14.76 
13.41 
13.74 


.697 
».816 
.775 
.776 
.663 
.904 


12.45 


.768 


.840 


.743 
.780 


.649 
.720 


.525 
.709 


.735 
.994 

.844 


.569 
.716 
.664 


1.118  .619 


1  Brix  not  read. 
<  Add  not  made. 
*  One  sample. 


« Two  samples. 
*  Four  ados  given. 
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Table  II,— Average,  maximwm,  and  minimwn  data  for  1909,  arranged  hg  voHteties  and 

localiHee—CofaJdmiea. 


Varifltj  And  loeaUty. 


Tiytal  soUds. 


8agiu4ne 
•oUdi. 


Sugtr  as  invert. 


Addastartario. 


Mauoh. 
North  Bm,  Ohio... 
MoimnoEx. 


KeOsjiIilaDd.Ohio. 
Putin  Bay.  Ohio.... 
V«nloe,Oht> 


Ayenm,    limits, 
and  totals 

NiAGABA. 


Brownbelm,  Ohio. 
Dsnbury,  Ohio.... 
Eodid.  Ohio. 


KsUevB  Island,  Ohio  . 
Middle  B«8,  Ohio. 
North  Bass,  Ohio.. 
North  East,  Pa.... 
Bluff  Point,  N.Y.. 

Brocton,  N.  Y 

Rtliey,N.y 

W€8tfleld,N.Y... 


otals. 

NOBTOV. 


limits, 


Eudid,  Ohio 

Ksneys  Island,  Ohio... 

Mkl^  Bass,  Ohio 

North  Baas,  Ohio 

Put  fai  Bay,  Ohio 

Sandusky.  Ohio: 

Engels^Krudwig... 
Venice,  Ohio 


andl 

POCCUHOTOK. 


Put  hi  Bay,  Ohio.. 
Venioe,  Ohio. 


limits, 


Riploy.N.Y. 


and  totals. 

RXBSUWO. 


limits. 


Brownhelm,  Ohio 

Keltoys  Island,  Ohio .. . 

Averages,    limits, 
and  totals , 


R00SB8. 

Brocton,  N.Y 

Salsm. 
North  Bmb,  Ohio.. 


23.1 


25.17 


4.40 


20.77 


L718 


118.021.21 

(«) 


24.54 
24.64 


28.2610.06 


2.68 
3.27 
3.04 


8.22 


2.1618.6220.13 

21.27 

21.61 


16.08 


.771 
.780 


1.078 


18.022.8828.85 


10.06 


2.02< 


3.22 


2.1610.0620.1316.02 


.842 


1.078 


.460 


16 


11 


iOne  sample. 


16.0 

1? 

18.8 
16.1 
18.3 
16.6 
15.7 


121.36 

15.68... 

15.88 

18.80. 

18.74. 

15.61 

10.5720.0210. 

16.74  n.-OS  15. 

20.12 


17.7218.16 
16.4 


15 


17.1 


17.0820.02 


(«)  25.85 
10.520.04 
21.3,22.2022.88 

g    21.84^1.04^.75 
,( 


3.34 

8.25 

21.701  4.49 


.023.7023.01 


25.4 


10 


23.67 


27.06 


24.226.7026.78 


6.13 
26.63^  5.20 


22.524.0026.7821.70  4.40  5.51 


17.8 
17.0 
(•) 


17.8 


(*) 


18.6 


(*) 


10.26 
10.56 
18.10 


19.00 


21.88 


2  10.821.6122.6620.57 


8  10.821.7022.6620.67 


20.23 


10.21 


2.09 

2.66 

2.58 

1.80 

3.17 

2.68 

1.92;  2.06 

1.48   1.80 

2.00 


1.84 
3.30 


15.65 


2.22 


4.46 
4.21 


2.70 
2.51 
1.72 


2.31 


2.04 
2.42 


2.18 


1.60 


1.03 


1.83 
1.16 


1.80 


18.37 

12.97 

12.74 

16.60... 

15.67 

12.03 

17.65 

15.76 

18.12 

15.88 

13.14 


17.0617.43 
16.1314.30 

16.23 


.718 


.551 
.585 
.675 
.581 
.781 
.m 
.600 
15.58h-«65 
.780 


.820 
.664 


.746 
.338 


.731 


.500 


2.06 


1.16 


16.72 


17.0614.30 


.616 


.820 


4.79 
4.72 
4.23 


5.51 


4.18 
4.21 
4.10 


22.51 

17.60.. 

17.80 


18.70 


1.456 

1.770 

16.011.8061.012 


17. 38 17. 5^  17. 22,1. 718 1. 740 


10.58 


21.83 

4.0021.60,21.7221.27 


4.18 


10.5021.72 


16.80 

17.26 
16.15 


16.85 


2.47 


2.38 


2.50  2.47 


3.38 


18.10 


17.61 


10.6819.48 


1.8641.012 


16.01 


1.006 
1.0172.078 


1.8122.078 


1.880 
1.606 
1.816 


1.756 


1.006 


18.04 
10.1820.18 


18.10 


10.1820.1818.10  .804 


.026 
.666 
.518 


.700 


1.181 
.750 


.825 


1.085 


.510  . 


.675 


.675 


>  Brix  not  read. 


s  Two  adds  given. 
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Table  II. — Average, 


EKOIiOGICAL  STUDIES. 


maximum,  and  minimum  data  for  1909 j  arranged  hg  varietiee  and 
loeaUtiee — Continuea. 


Vtrifltymdloeyity. 


Hi 
ill 


Total 


Sugar-free 
aoMs. 


Surras  invert  Addastartaile. 


I 


Middle B«i,  Ohio.. 
North  Bms,  Ohio.. 


limits. 


and  totals. 

UmarowH  Obapes.    | 

Brownhelm,  Oliio 

KeltoTB  Island,  Ohio i 

Middle  Ban,  Ohio 

North  Bass,  Ohio 

Sandfisky,  Ohio: 
A.  Schmidt,  Jr.,&  Bros. 

Venice,  Ohio 

Vermilion,  Ohio 


Ayersges,    limits, 
and  totals 


WiLDKB. 

Pat  in  Bay,  Ohio 

Easlt  Wobden. 

Put  hi  Bav.  Ohio 

Venice,  Ohio 

A^ 


limits, 


aodl 
WOODBITTP  Red. 
Middle  Bass,  Ohio.... 


20.202.37 
(!)  121.70 


22.88 


21.8(H  4.95 
4.02 


5.74 


4.17 


17.41 17.  eo 

17.68{.. 


20.222.1.5  22.8821.86   4.64  5.74 


4.17 


17.50 


20.122.57 

0)  121.98  23. 22  20. 75 
17.018.42  20.3616.40 
20.321.  lOl.... 


19.7 

0) 
21.5 


18.16 
23.83 


19.1 


20.81 


16.1 


0) 
17.8 


17.8 


23.2216.49  2.83 


16.96. 


19.68'. 
19.31.. 


19.40.... 


3.49 
2.56 
2.52 
3.71 


2.79 
3.06 


17.14 


8512.040 


1. 

1.7261 


17.  r,M  17.141.823  2.0401. 


18.06 

2.3419.4220.4318.41 
1.99|  15. 91 18.3713.44 
117.39 


2.60 
.    2.65 


....;i5.93 
.....21.21 


3.05 


1.99 


2.52 


2.90 
2.04 


2.47 


1       1    0)    17.27 2.93 14.34 409 


18.03 


14.44 


20.43 


.764 

.797 

.906 

1.365 


1.301 


.666 
.514 


.679 
.979 


13.44 


8961.310 


.514 


i.oao 


17.02 
17.47 


17.24 


.780 


.700 


I  Briz  not  read. 
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DATA  FOB  1910. 

I      Table  IIL — Average,  Tnaximwn,  and  minimum  data  for  1910 ,  ammged  by  varieties  and 
localities.    (Analyses  by  Eoff  and  Treuthardt.) 

[Results  expressed  In  grams  per  100  cc  of  expressed  Juioe.] 


Variety  and  locality. 


Total  solids. 


Sugar-free 
soUds. 


Sugar  as  invert, 


Add  as  tartaila 


AOAWAM. 


Predonia,  N.  Y. 
QeoevaTN.  Y.. 


1& 
17.9 


617. 


^88 
10.10 


1&40 


17.35 


3.23 
2.62 


3.47 


2.9914.65 
ia54 


14.93 


14.36 


1.4631.516 
1.106 


1.410 


Averages,    limits.' 
and  totals 


AlCBKB  QUBDI. 

Geneva,  N.Y 

Amkbica. 
Geneva,  N.Y 

Amuoa. 
Geneva,  N.Y 

ADmONDACK. 

Geneva.  N.Y 

Baochus. 

KeUeys  Island.  Ohio.. 
North  Bass,  Ohio 


Averages,    limits, 
and  totals 


Babbt. 

Geneva,  N.Y 

Bell. 

Geneva,  N.Y 

Bio  Extra  10. 

G«neva,N.  Y 

Black  Eaole. 

G«oava,K.  Y 

Bbiohton. 

Put  in  Bay,  Ohio.... 

Venice,  Ohio 

!wd(mia,N.  Y 

QenevsTN.  Y 

PaJteney,N.  Y 


Averages,    limits, 
and  totals 


Bbowh. 

Geneva,  N.Y 

Butlbb  No.  1. 
Q«neva,N.Y 


17.0 


18. 30 IR.  40 


17.35 


3.03  3.47 


2.99'15l28 


14.93 


14.36 


1.344 


1.516 


1.410 


17.6 


1&63 


18.6 


17.5 


191 65 


1&50 


11. 9 12. 35 


23.1 
24.5 


2a  73 


14.0 


20.1 


21.78 


1&5 


18.6 


17.8 
21.8 
17.1 
1&7 
21.3 


ia3 


l&S 


25.38 
1&07 


14.1 


17.01 


19.88,'21.88 


1&90 

22.2424.14 

1&40' 

ia92 

23.07 


21.0024.14 


16u36 


1       1   17.619.18 2.16 


2.61 


2.71 


1.82 


2.16 


3.27 
a34 


17.88 


19.16 


3.31 


2.47 


3.00 


a  10 


2.31 


2.50 
2.38 
2.10 
2.19 
2.33 


19L16 


2.33 


2.72 


22.11 
12.73 


2.40 


2.22 


2.83 


1.93 


2.83 


1.03 


16iQ2 


16i94 


1&68 


iai9 


1.436 


1.043 


.821 


.911 


L714 
1.826 


17.42 


12.12 


1&78 


13.91 


17.57 


1.770 


1.160 


L114 


1.466 


19.66 


1&48 


LOll 


t.121 


.900 


16.40 
19.87 
1&21 
17.73 
2a  74 


21.50 


ia79 


.900 
.803 
.034 


.840 


.630 


18. 67  21. 501^79 


.822 


.840 


,630 


13w04 


17.03 


1.106 


1  One  sample. 
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Table  III. — Average,  maximum^  (md  minimum  data  for  1910,  arranged  by  varieties  and 

localities — Con  tin  uea . 


Variety  and  locality. 


Total  soUds. 


Sugar-free 
solids. 


Sugar  as  Invert. 


Add  as  tartaric. 


Campbell's  Eaelt. 

KeDeys  Island,  Ohio. . . . 

Middle  Bass,  Ohio 

Put  in  Bay,  Ohio 

Fredonia,N.  Y 

Averages,    limits, 
and  totals 

Gasman. 

Geneva,  N.Y 

Catawba. 


Averages,    limits, 
and  totals 


Chamfion. 

Geneva,  N.  Y 

Chattiauqua. 

Geneva,N.  Y 

Clbvbnkb  7-12. 

Geneva,  N.  Y 

Clinton. 


North  Bass.  Ohio 

Venice,  Ohio 

Geneva,  N.  Y 

Pulteney,  N.Y 

North  Bast,  Pa.: 
South  Shore  Wine  Co. 


Averages,    limits, 
and  totals 


Cloeta  19-2. 
Geneva,  N.Y 

COLX&AIN. 

Geneva,  N.Y 

COKBT. 

Geneva,  N.Y 


93 


17.3 


2a  34 

18.84 


lb.  2 1&  74 
1&  4 16i  31 


L84 
l.«7 
2.28 
2.90 


18.60 

16.87 
13.46 
13.41 


16i717.81 


2.25 


15.56 


l&l 


16i73 


a44 


13.29 


a  611 

641 

1.042 

1.241 


.884 


1.654 


21 
21.1 
21.4 
2a7 
121.3 
21.7 


023. 


14 
23.39 
23.84 
22.82 
23.09 
24.17 


2&  17  21.  46 
24. 99  21. 78 
24.80  22.83 
24.  57  2a  23 
24. 59  2a  89  2.35 
2.51 


2.30 
2.46 
2.32 
2.52 


2a7 

2a 

19.6 
21.3 
2a3 


021, 


22.8523.41 

.75 
21.28 
23.38 
22.31 


21.99 


1&019.25 


23.38 
19.26 


64 


2a  81 
19.23 


2a  023. 07  25. 17 19. 23 


13.214.30 


15.2 


17.8 


15.84 


18.71 


23.526.01 


23.4 
19.5 
24.1 


23.89 
20.78 
26.46 


25.91 


20.822.06 


23.14 


22.3 


23.fi0 


(■) 


18.92 


16.5 


17.48 


1       1    15^315.92 2.15 


21.86 


21.02 


2.57 
3.02 
2. 68 
2.73 
2.54 


2. 02  2a  84  22. 70 
1. 86  2a  93  22.  55 
1.88  21.52  22.87 
2. 27  2a  80  22. 01 
2. 10  2a  74  22. 21 
21.66 


2.62 
2.80 
2.95 
2.60 
2.71 

3.15 


3.56 


3.18 


2.92 
3. 


2.30 

2.81 


2.50 


3.56 


19.31 
19.25 
2a  35 
17.96 
1&65 


2a  88 


2a  23 

ia95 

1&33 
2a  78 
19. 602a  65 

ia20ia42 


1&43 


17.89 
15.77 


1.063 
.058 
1.192 
1.045 
1.091 

1.091 

1. 

1.606 

1.230 

I. 

1.7291 


I 

I 

1.170a840 
1. 305!  .  754 
1.226!  .795 
1.3351.095 
1.144   .938 


1.219  .803 


1.530  .994 


1.996 


1. 86  2a  51  22. 87 


1&77 


1.097 


1.996 


2.40 


2.34 


3.75 


3.68 
2.85 
4.60 
3.26 

3.72 


4.69 


3.94 


3.00 


3.50 


11.90 


13.50 


14.96 


22.33 
20.04 
16.18 
23.20 

18.36 


.915 


1.043 


1.196 


22.91 


17.17 


1.462 


.754 


1.520. 

2.117  3.5681.646 

2.272. 

1.726. 


I 


19.64 


17.062.3603.404  3.036 


3.81 


19.79.. 


3.90 


4.72 


2.099 


iao2 


12.76 


13.77 


1.068 


.870 


.938 


tFoarnmplef. 


I  One  sample. 


>  Briz  not  read. 
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Tablb  III. — Average,  maximwn,  and  minimum  daiafor  19 10,  arranged  by  varieties  and 

locaHHes — Continuea. 


Variety  and  locality. 


Total  soUds. 


Sugar-Urea 
soUds. 


Sucar  as  Invert. 


Addaatartario. 


CONOOBD. 


EeDayalslaiid.Ohio. 
lUddle  Baas,  Ohio... 


North  Bass.  Ohio. 

Venice,  Ohio 

Vermidon,  Ohio 

Brocton.N.  Y 

Btafl  Point,  N.  Y 

Fredonla.N.  Y 

Genera,  N.Y 

Hanunondaport,  N.  Y. . . 

JerMatem,  nTy. 

Palt«Dey,N.Y 

SOver  Creek,  N.Y 

Urbana,  N.  Y.: 

UrbanaWineCo 

North  East.  Pa 

Lawton,Mfcfa 


Averages, 
and  tot 

Ceicvbuno. 
Geneva,  N.Y 

Cboton  11-4. 
Q€oeva,N.  Y 

DAI8T7-2. 

<3«neva,N.Y 

DSLAOO. 


limits. 


k,N.Y 

DlLAWABB. 

KflOeys  Island.  Ohio.. 
lOddle  Bass,  Ohio.... 

North  Bass,  Ohio 

VmloeTohio 

BtaflPotot,N.  Y.... 

FredonIa.N.Y 

Geneva,  N.  Y. 


Hanunondsport,  N.  Y. 

Pult«iey.N.Y 

Rheims,N.  Y 

Urbana,  N.  Y.: 

UrbanaWineCo 

New  York  State: 

Name  lost 

North  Bast.  Pa 

Uwton,l&h 


Averages,    1 
and  totals 

Diamond. 

a«ieva,N.Y.... 


limilB, 


19]    19 

1 


020.1 


3 
6 
1 
8 
1 

11 
1 
2 
1 
1 
2 


88 


29 


19. 
18. 
19.6|21.90]22.30 


LSI 
L4|2a84 


20.522. 


17.8 

18. 

16. 

16.6 

14.7 

16.6 

18.6 

18.7 


72a 
517. 


43 
18.19 

50 
.77 
17. 
15.42 
17.71 
20.15 
19.60 


21.73 
22.30 
23.43 

2i.'3619.60| 


17.01 
21.20 
21.09 


2.29 
2.44  3.16 


2.27 


2.50 


8017. 


2.63 


6019. 


1.3715.16 
18.'66  i6.'75 


15. 9 17. 19 18. 4015^97 
16.817.6618.4516.86 


2.65  3.50^ 

2.52 

2.09 

2.59 

2.41 

2.46 

2.53 

2.25 

2.41 

2.41 


1. 

2.03 

1.96 


19.2816.08 

20.1719.01 

3718.88 


7620. 


2.65 


2.56 


1.87 

ids 

i'49 


17.7 


19.0423.01 


1&920.37 


12.90 


20.9919.13 


2.26 
2.45 
2.40 


2.61 

2.28 

2.76 
2.66 


2.21 

2.21 
2.17 
2.21 


1&52 
.41 
19.63 
19. 

16.67 
18. 

15.18 

16.1016.72 
12.96 
15.18 
17.90 
17.19 


1619. 


1.4917.17 

i2.*67 



16.1014.26 


.623 
.801 
.660 
.679 
.840 
.786 
.926 
.925 
l.OSO 


1.069 
.671 


K).6ll 
608 

586 


.9661. 

.731 

.979 


963 

1.669 

.ois 


.604 
.'796 
.'960 


14. 78 16. 19 13. 36 1. 030 1. 110 


15.41 
16.58, 
17.97 


16.1714.66 
10.41 
18.7516.81 


16.5820.48 


.974 
.905 
.761 


.979 
.136 
.945 


.940 


.968 

.en 


48 


18.019.4223.43 


12.90 


2.40 


3.50 


1.80 


17. 0620.481a  41 


1.060 


1&4 


16.18 


13.415.07 


18.019.29 


18.619.86 


2.25 


3.23 


2.34 


2.61 


13.03 


11.84 


16.95 


17.25 


1.009 


.788 


.663 


1.009 


24.727.51 
626.51 
526.25 
328.77 
522.96 
42 
15 


3*23.626.5127.62  24  46 

I  23.526.25 

3|«243|26.77|27.54  2&30 

)  i9.'63 


2a 

18.8|2a42j2L99 

21.0^8723.12^49 
2a  4  21. 07  23. 96 
2ai21.« 


19.86 


22.424.41 


24.9123.91 


2a021.41 

2a  8^2. 38^2. 72 
22. 


822.J 
626i20| 


22.04 


2.52 

2.41 

1.68 

2. 

3.14 

2.95 

2.41 

2.46 

2.38 

2.41 

2.26 

2.42 
2.61 
2.54 


2.72 

1*02 

3.'2i 

2.'62 
2.52 

2.31 


2499 


2. 15^3. 76  2&  47  22. 01 

,1.. 


24  57 


la  2416^42 


2. 21  24  29  2&  24  23. 09 

19.82 
2.7517.47 

17.74 

2a  41 

19. 

19.11 


2.37 
2.26 


2a  60  2a  12 
7017.50 


5921. 


.641 

.841 

.724 

.773 
1.013 
1.2291.312 
1.166 
866 


.900 

.*88i 


.765 
.*7i3 
1.076 


2.20 


1.020 
22. 16122. 7121. 60  .857 


946 
1.020 


.743 
.919 


.855 


2.71 


2.51 


18.99 
19.77 
22.66 


2a  01 19. 53 


1.001 
981 


.994 


24 


21.828.92 


27.6219.68 


2.49 


3.21 


2.15  21.3625.47 


17.9 


19.03 


2.45 


16.58 


16.42 


1.312 


.718 


.996 


i  Blifhteen  samples, 
s  Foot  samples. 


•  Nine  samples. 

*  Three  samples. 


Digitized  by 


Google 


30  ENOLOQICAL  STUDIES. 

Table  III. — Average,  Tnaximum,  and  minimum  data  for  1910,  arranged  by  varietie$  and 

localities — Continuea. 


Variety  and  locality. 


Diana. 


North  Bass,  Ohio 

Geneva,  N.  Y 

Pulteney,  N.Y 

Hammondsport,  N.  Y.. 


▼erans, 
and  totals. 

DucHBas. 


Genera,  N.Y... 

Pulteney.  N.  Y., 
Rheims,N.Y... 


Aveiafres.    limits, 
and  totals 

Easlt  Dawn. 

Geneva,  N.Y 

Easlt  Goldsn  6-3. ' 

Geneva,  N.Y 

Eablt  Victor. 

Fredonia,N.Y 

Eldorado. 

Geneva,  N.Y 

Elvira. 

KeUeys  Island.  Ohio.... 


KeUevs  Island.  Ohi< 
Middle  Bass,  Ohio. 


North  Bass.  Ohio- 
Venice,  Ohio 

Hammondsport,  N.  Y. 

Pulteney.  N.Y 

Rheims,N.Y 

Urt)ana,N.Y 


Averages,    limits, 
and  totals 


Emfirb  State. 


Pat  in  Bav,  Ohio. 
Geneva,  N.Y 


Avenges,   llmltB, 
and  totals 


EUMXLAN. 

North  Bass.  Ohio.. 

Geneva,  N.Y 

Rherins,N.Y 

Urbena,  N.  Y.: 
Urbana  Wine  Co. 


and 

GOFT. 

Genevm^N.Y.. 


Umits, 


5     4 


9     1 


2L523.70 


19.6 

me 

21.3 


21.23 
22.fi0 
23.57 


2a8 


22.80 


18.019.63 


18.9 
17.8 


2a  34 
18.87 


18.3 


17.6 


19.6 


16.6 


2a6 
16.6 
17.4 
17.8 
1&3 
16.1 
1&6 
17.4 


17.1 


16.6 
18.7 


17.1 


Total  solids. 


19.61 


18.66 


2a  89 


17.60 


2a322.02 


22.67 
17.14 
18.92 
19.06 
16.13 
16.70 
16.79 
18.74 


18.13 


16.10 
20.18 


18.14 


14.915.68 
14.815.89 
19.821.20 


20.2'21.5,K 


18.0 


7621.41 


75121.41   2.18 


Sagaiwfree 
soUds. 


2.36 
2.66 
2.41 
2.68 


2.63 


2.33 
1.82 
2.24 


2.13 


2.34 


2.39 


2.39 


2.19 
2.72 
1.46 
2.68 
2.47 
2.60 
2.78 
2.69 


2.43 


1. 
2.23 


2.06 


2.04 
2.39 
2.16 

2.17 


J 


la  8118. 07>21. 67*14. 40/ &  431  &  61  2.86'l6w6410.82lll.95> 


Sugar  as  invert 


21.36 
18.67 
2a  18 
2a  89 


2a  27 


17.30 
18.62 
16.63 


2.20  2.13 


2.20  2.13 


17.48 


ia22 
18.60 
8.07 
19.63 


20.38 
14.42 
17.46 
16.37 
13.66 
14.20 
13.01 
16.05 


16.60 


14.24 
17.95 


laio 


13.64 
13.50 
18.87 


10.4210.6219.21 


1^9619.62 


a728 

1.200 

923 

1.009 


19.21 


Add  as  tartaric. 


.966 


.760 
.638 
.814 


.734 


1.066 
848 


.784 


764 
1.050 
.938 
.908 
1.140 
1.264 
1.462 
1.144 


.848 
.669 


.704 


.930 
.964 


.966 
.805 


a  094  a 


.9641 


.904 
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Table  III. — Average,  mmmum,  and  minimum  data  for  1910,  ammged  by  varieties  and 

looalitiee — Contmuea . 


VKMyiodlocaUty. 


Total  solids. 


Si]gar>ft«e 
aoUds. 


Sugar  as  In-vwt. 


Addastartaile. 


Qou>  Dnsr. 
Oeoem^N.Y 

OOLDXir. 

Ofoeya^N.Y 

Ouomu). 
Qenevs^N.Y 

Girr  Bdsl. 
KdlqrBlslaDd,Ohio... 

Hatss. 
Pot  to  Bay,  Ohio 

HABtfOBD. 


G«Dev»,N.Y... 
Fndonla^N.Y. 


Avsnges,    UmitB, 
and  totals 


Hbbbxbt. 

OcoflVB^N.Y 

HXXAMXB  24-90. 

0€nova,N.Y 

HKxs. 
Geneva,  N.Y 

ILUXOB  CRT. 

,N.Y 

lONA. 


Middle  Bass,  Ohio  . 

North  Baas.  Ohio. 

UkHLOh 


VermilkHLOhio. 
0«oeTa,N.Y..., 
Partiaiid,N.Y.. 
Palfeiifly,N.Y.. 


Avenges,    limits, 
andtotab 


laABXUA. 


KeHeys  Island,  Ohio.. . 

North  Baas,  Ohio 

Hammondnwrt,  N.  Y. 

Pnltaney.  nTy 

Urtiaiia,N.Y 

WajiiB,N.Y 


Avenges,    limits, 
aodtotala 


17.1 


18.24 


17.418.00 


lft.617.26 


21.623.20 


10.8 


17.72 


2.83 
1.66 
2.00 
2.84 
2.66 


16.71 
17.04 
14.66 
20.86 
16.16 


0.004 
.420 
1.106 
1.360 
1.118 


19.3 
14.7 


20.83 
1&71 


2.67 
2.26 


1&16 
13.46 


.904 


2  17.018.27 


2.46 


16.81 


9      0 


18.0 


19.13 


19.4 


20.10 


15.0 


15.79 


18.820.07 


(») 

21. 

21. 

19. 

21.5^23.83 

21.428.41 


23.17 
624.03 
523.67 
621.25 


25.07  22.99 


23.88 


23.46 


21.223.3825.07  22.99 


21.04 


19.1 
20.021.83 

20.':  :: 

16.7^17.88^ 

16. 6 17. 7^U- 58^16^31 

17.1 


18.66 


17.610.1519.6816.81 


2.60 


3.74 


2.47 


2.26 


2.99 
2.47 
2.36 
2.83 
2.46 
2.51 


16w54 


16.36 


13.32 


17.81 


1.200 


1.245 


1.169 


2.61 
2.38 


20.78 
2.3221.57 


2.34 


21.31 
1& 

21.37 
20.90 


22.4620. 
21.6021. 


.996 


.064 


9041.1560.663 


1.426 
1.046 
1.234 


.966 


.900 


2.48 


2.38  2.32120.9022.4620.67 


1.0041.166  .668 


2.26 
2.12 
2.11 
2.44 
2.60 
2.67 


2.74  2.31 


18.78 
19.71 
19.77 
15.44 
15.29 
16.89 


16.97 


13.57 


.716 


.773.. 
1.016.. 

1.0281.076^  .066 
1.163.. 


2.40  2.74  2.31 


16u  76 16. 07 13. 57 


.057 


1.076  .066 


^Bitznotraad. 
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Table  III. — Average^  maximum,  and  minimum  data  for  1910,  arranged  by  varieties  and 

localiiiea — Continuea . 


Variety  and  locality. 


Total  solids. 


Sogar-free 
soUds. 


Sugar  as  Invert. 


Add  as  tartaric. 


Isabella  Seedling. 

Geneva,  N.Y 

Ives. 


15.6 


16.47 


2.84 


13.63 


1.174 


Ceylon,  Ohio 

Danbury,  Ohio * . . , 

Kelleys  Island.  Ohio 

Middle  Bass,  Ohio 

Venice.  Ohio 

Vennillon,  Ohio 

Bluff  Point,  N.  Y 

Hammondqport,  N.  Y. . , 
North  East,  Pa.: 
Sonth  Shore  Wine  Co. . 

Averages,    limits, 
and  totals 


JANB8VILLE. 

Geneva,  N.Y 

LiNDLET. 


3 


18.4 
1&4 

17.6118.63 
16.4 
118.3 

ao.i 

19. 
17.9 


19.3420.56 
16.62 


17.41 
18.66 
21.36 
.83 
19.42 


18.46 


621. 


19.3114.03 
19.81117.61 
21.44|'21, 


16.3 


17.20 


18.2216wl8 


22 


17.3 


18.4221.4414.93 


16.6' 


17.48 


Fredonia.  N.  Y. 
Geneva,  N.Y... 


1&516.13 
18.820.26 


Averages,    limits, 
and  totals 


17.2*18.20 


LUCILB. 

Fiedonla.N.Y.. 
Geneva,  N.Y 


1&6 


Averages,    limits, 
and  totals 


115.616.87 


Mabion. 

Geneva,  N.Y 

MASSASorr. 
Geneva,  N.Y 

IftT.TJl- 

Portland,N.Y 

KBSOxnu  RnsLiNO. 
Kelleys  Island,  Ohio. . . 

HOHTEnOBE. 

KeHejrs  Island,  Ohio. . . 
Moore  Diamond. 

Fredonla,N.Y 

MOOBX  Easlt. 
Fredonia,N.Y 


19.021.0721.1620.99 


16.317.00 


20.0 


(•) 


15.1 


16.16 
17. 


21.99 


22.07 


19.4  20.78 


23.66 


18.019.82 


15.87 


2.43  2.52 
2.71 
2.09 
2.471  2.73 
2.771  2.95 
2.46  2.66 
2.48: 
2.52 


2.82 


2.23 
2.69 
2.35 


16.0218.23 

13.91 

16u54 

16.92 

15.89 

18.91 

18.86 

16.90 


16.03 


16.68 
16.86 
18.93 


12.37 
14.92 
18.89 


0.6780.844 
.608 
.655 
.823 
.733 
.655 
.641 


0.559 


960 
746 


.718 
.720 


3.02  3.08 


2.961418 


1&14 


13.22 


1.063 


1.161 


.076 


2.64  3.08 


3.63 


2.23 


2.69 
2.49 


2.59 


2.70 
2.12 


2.41 


21.91 


3.77 


1.88 


2.14 


2.42 


2.29 


3.06 


15.88 


13.95 


18.23 


12.37 


.772 


1.151 


.559 


1.462 


13.44 
17.77 


1.155 
963 


1&61 


13.45 
15.47 


1.054 


.915 
.814 


14.46 


.865 


3.83 


2.15 


3.70 


2.13 


17.31 


15.21 


19.85 


17.32 


17.29 


1.666 


.754 


1.6101.622 


19.94 


19.76 


18.36 


21.36 


16.46 


.741 


,941 


.784 


1.121 


.754 


.728 


i  One  sample. 
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Table  III.— -Averoife,  maximym,  and  minimum  data  for  1910,  arranged  by  varieties  and 

localities — Gontinuea. 


VaiMy  and  loeaUty. 


Total  soUds. 


Sugar-free 
solids. 


Sugar  as  Invert. 


Add  as  tartaric 


HOTSE. 

FredonJa.N.Y... 
Genera,  N.Y.... 


Averages,    limits, 
and  totals 


R.  W.  MUNSON. 

GenevB,N.Y 

NiOKAR. 

GenevB,N.Y 

NU<UUL(l. 


North  Bass,  Ohio 

Beaton,N.Y 

Fredooia.  N.  Y 

G«neva,N.  Y 

PennYan,N.Y 

North  Eart,  Pa.: 

South  Shore  Wine  Co . 
Lawton,Hftch 


Avenges,    limits, 
and  totals 


Noah. 

Geneva,N.Y 

Nosrouc 
Geiwva,N.Y 

NOETOM. 

Kelleys  Island,  Ohio . 
North  Baas.  Ohio.... 

Venice,  Ohio 

Vermilion,  Ohio  .... 


Averages,    limits, 
and  totals 


OUEA. 

GeDevB,N.Y 

PiKBCS. 

Oenev»,N.Y 

POCKUNOfOK. 

North  Bass.  Ohio.... 
Venice,  Ohio 

A 


limits. 


andt 

RXOAL. 

Porthuid,N.Y 

BaQVA. 
Geneva,  N.Y 

R00KB8  No.  24. 
0«OBVB,N.Y 


18.520.00 


10.1 


20.12 


2.£0 
2.40 


17.50 
17.72 


0.780 
.641 


18.820.06 


14.71&48 


18.3 


10.79 


10. 221. 08121.54  20. 62 

15.6 

15.3 

12.9 

12.6 


16.01 
16.02 
13.42 
14.38 


1       1 

1=      1 


17.8 
17.0 


19.08 
18.03 


2.45 


2.01 


2.53 


2.17 
2.21 
3.13 
2.06 

2.n 

2.37 
2.13 


17.61 


12.57 


17.26 


.711 


1.490 


1.256 


2.30 


2.03 


ia92 
14.70 
12.89 
11.36 
11.67 

16.71 
1&90 


19.2418.50 


.4480.4500.446 
.754.. 


.773 

.840 


.806 
.791 


16.217.5021.54 


20.62 


2.37 


2.30 


15.13 


10.24 


18.59 


.728 


16.517.33 


17.418.58 


3.08 


2.48 


14.26 


16.10 


1.632 


1.144 


22.824.27 


23.0 

0) 

28.5^26.01 


26.54 
24.1624.20124. 


12 


3.53 
3.66 
8.54 
3.85 


8.59 


3.49 


20.74 
22.89 
20.62 
22.16 


20.6320.61 


1.856 
1. 
1.787 
1.462 


1.942 


23.4 


2&43 


24.2024.12 


3.62 


3.50 


3.49  21.41 


20.63 


20.61 


1.942 


1.632 


17.018.16 


14.0 


14.87 


2.19 


2.45 


15.97 


12.42 


1 

1       1 


17. 8)19.16 
18.019.81 


1.87 
2.63 


2  17.9 


19.24 


2L20 


1   1&  8118. 14 


2       1 


17.0 


10. 23  20l  70 17. 75 


2.03 
2.27 


.908 


17.29 
1&78 


.506 
1.095 


17.04 


.846 


2.36  2.18 


15.015. 661 


2.47 
1  Brlx  not  road, 


16.11 
16.76 
18.19 


18.5214.97]  .844  .060 
1.238.. 


.728 
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Table  III. — Average^  maximum^  and  minimum  data  for  1910^  arranged  by  varieties  and 

localities — Continued. 


! 

1 
2 

■8 

1 

0 

Total  solids. 

soUds. 

Sugar  as  invert 

Add  as  tartaric 

VvtetyandlocaUty. 

1 

< 

1 

i 
1 

e 

s 

< 

i 

a 

"< 

§ 

i 

< 

I 

S 

R00KB8  No.  32. 
Qeneya^N.Y 

1 

1 

1 
1 

1 

1 

1 
1 
1 

16.9 

16.1 

20.5 
18.9 
22.2 

17.85 

16.83 

22.49 
20.60 
24.41 

2.42 

3.5fi 

1.58 
2.78 
2.63 

15.43 

13.28 

20.91 
17.82 
21.78 

1.181 

1.766 

.521 
.938 
1.024 

RuncBT. 
Oeiieva,N.Y 

_. 



... 


... 




Salxm. 
North  Bass,  Ohio 

Bluff  Point,  N.Y 

Pulteney,  N.  Y 

'    1     '  ' 

Averaffes,    Itmlts, 
andtotab 

3 

3 

20.5 

22.50 

2.33 

20.17 

.828 

St.  Louis. 
0«Deva,N.Y 

1 

1 

15.2 

15.76 

2.45 

13.31 

1.140 

MMdle  Bass,  Ohio 

North  BasB,  Ohio 

1 
1 

1 

1 

19.7 
20.9 

21.15 
23.20 

3.86 
3.93 





17.29 
19.27 



1.632 
1.666 

Averages,    limits, 
and  totato 

2 

2 

20.3 

22.18 

3.90 

18.28 

1.694 

*  * 

Tbleo&afh. 
rredoiiia,N.Y 

Tbiumph. 
Geneva,  N.Y 

1 

1 

1 
3 
3 
3 

1 

1 
2 
2 

1 
1 

16.3 

(») 

33.8 
S18.9 
23.6 
20.3 
16.1 

17.46 

16.88 

26.43 
21.23 
26.02 
22.66 
17.62 

3.56 

2.79 

2.04 
2.49 
2.39 
2.68 
3.65 



13.90 

14.09 

24.39 
18.74 
23.84 
18.23 
13.97 

1.266 

1.364 

.626 
.677 
.657 
1.076 
1.364 

Unknown. 

KeUeys  Island,  Ohio. . . . 

Middle  Bass,  Ohio 

Venice,  Ohio 

22.64 
28.49 
22.72 

26.*d5 
24.38 
22.59 

6.743 
.848 
1.144 

2.63 
2.77 
2.72 

2.30 
2.01 
2.64 

19.91 
26.11 
20.00 

17.50 
22.37 
14.76 

0.623 
.430 

Vermilion,  Ohio 

Fi«donia,N.  Y 

1.005 

Averages,    limits, 
andtotab 

11 

7 

21.0 

23.11 

28.49 

20.05 

2.58 

2.77 

2.01 

20.55 

26.11 

14.75 

.813 

1.144 

.439 

TSAOEDT. 

Geneva,  N.Y 

1 

1 

0) 

18.82 

2.17 

16.65 

.776 

Vkboxnnvs. 
Geneva,  N.Y 

1 
2 

1 
1 

18.1 
18.4 

19.50 
19.92 

2.72 
2.31 

16.78 
17.62 

1.163 
1.041 

Portend,  N.v, 

20.26 

19.58 

2.50 

2.11 

\fL\h 

17.08 

1.129 

.053 

1 

Averages,    limits, 
andtotals 

3 

2 

18.3 

19.78 

2.44 

17.34 

1.062 

WlPBNUKA. 

Geneva,  N.Y 

1 

1 

12.9 

13.47 

4.05 

^ 

1.084 

Wilder. 
Fiedonla,  N.  Y. 

1 

10 
1 
3 

1 

15 

1 

2 

1 

1 
5 

15.6 

»18.3 
12.8 
13.8 
13.1 

14.3 

16.49 

2.38 

14.11 

1.189 

WOEDEN. 

Venice,  Ohio 

19.33 
13.49 
14.68 
14.20 

17.88 

22.51 

15.08 

2.34 
2.54 
2.46 
2.27 

2.36 

2.95 

2.00 

16.99 
10.95 
12.56 
11.93 

16.46 

20.28 

12.13 

.876 
1.372 
1.271 
1.020 

1.283 

.634 

Fredonia.  N.  Y 

Geneva,  N.Y 

14.80 

14.56 

2.53 

2.36 

13.21 

12.03 

1.312 

1.211 

Penn  Yan,  N.  Y 

and  totab 

.998 

. 







I  Brix  not  read. 


s  Two  samples. 


•  One  sample. 
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Table  III. — Average,  maximum,  and  minimum  data  for  1910,  arranged  by  varieties  and 

localities — Continued. 


Variety  and  locality. 


Total  soUds. 


Sugar-free 
aollds. 


Sugar  as  invert. 


Acid  as  tartaric 


Wtoiono  Red. 

Fredania,N.Y 

QenevaTN.  Y 

Averages,    limits, 
and  totab 

YoOTON  HoNKT  Dew. 

Geneva,  N.  Y 

No.  3197 

No.  4089 

No.2eg8 

No.  98 

No.  lie 

No.  3345 

No.  2717 

No.  2662 


15.9 
14.1 


1(178 
14.85 


2.95 
2.09 


2      2  15.0 


15.82 


2.52 


17. 

19. 

15.7 

15. 

19.3 

15.8 

13.6 

17.0 

19.9 


919. 
622. 


215. 


10 
36 
1&68 
87 
20.83 
16.68 
14.09 
18.06 
21.31 


2.76 

2.26 

1.72 

1.56 

1.79 

1. 

1.87 

1.89 

2L06 


12.76 


13.29 


16.34 
2a  10 
14.96 
14.31 
19.04 
14.85 
12.22 
16.19 
19.25 


0.855 
.754 


.805 


.956 
.758 
.604 
.510 
.544 
.529 
.731 
.645 
.645 


TABXTLATIOH  OF  AVAL7TICAL  DATA  OH  SAMPLES  GBOWV  AVD 
AVALTZED  AT  CHABLOTTESVULE,  7A. 

Table  IV. — Average,  maximum,  and  minimum  data,  1908-1910,  arranged  by  varieties. 
(Analyses  by  Hartmann  and  Eoff.) 

[Results  expressed  in  grams  per  100  (*c  of  juice.] 


1  Mixed  crops. 


>  Three  samples  from  Croxet,  Va. 
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pared in  the  sugar  laboratory  of  this  bureau  on  the  analyses  of  sugar 
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methods  of  determining  the  percentage  of  sugar  in  the  beet.  This 
compilation,  representing,  as  it  does,  beets  from  many  different 
locaKties,  will  be  useful  in  answering  the  many  inquiries  received  as 
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and  the  best  methods  for  determining  their  sugar  content.  I  recom- 
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Chief  of  Burecm. 
Hon.  James  Wilson, 
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ANALYSES  OF  SUGAR  BEETS,  1905  TO  1910, 

TOOBTHEB  WITH 

METHODS  OF  SUGAR  DETERMINATION. 


nrTBODUCTIOV. 

Many  requests  are  received  at  this  department  for  reports  on 
analyses  of  beets  grown  in  different  localities  and  also  for  information 
as  to  the  fitness  of  certain  sections  for  growing  beets.  Many  inquiries 
are  also  received  as  to  the  best  methods  for  the  analysis  of  beets. 
This  report,  including  a  r6simi6  of  the  analyses  made  of  beets  grown 
in  various  sections  of  this  country  throughout  a  period  of  six  years, 
and  also  a  statement  of  the  methods  used  for  beet  analysis,  with  a 
discussion  of  their  comparative  accuracy,  has  been  compiled  to  meet 
this  demand. 

As  early  as  1862  ^  the  Department  of  Agriculture  became  interested 
in  sugar-beet  work,  and  for  the  past  30  years  this  bureau  has  been 
engaged  in  the  analysis  of  sugar  beets  and  in  making  investigations 
for  the  improvement  of  this  industry.  The  following  bulletins 
have  been  published  giving  the  results  of  this  work:  No.  3*,  The 
Northern  Sugar  Industry,  1883;  No.  5*,  The  Sugar  Industry  of  the 
United  States,  1885;  No.  27*,  The  Sugar-Beet  Industry,  1890; 
Nos.  30*,  33*,  36*,  39*,  and  52*,  devoted  to  experiments  with  sugar 
beets  in  the  years  1890,  1891,  1892,  1893,  and  1897;  Nos.  64,  74,  78, 
95,  and  96,  devoted  to  a  five  years'  study  of  the  influence  of  environ- 
ment upon  the  composition  of  the  sugar  beet,  undertaken  in  1900  to 
1904,  inclusive. 

The  bulletins  marked  with  an  asterisk  (*)  are  out  of  print  and  are 
not  available  for  distribution;  the  others  may  be  had  on  application. 
Also,  as  a  part  of  Progress  of  the  Beet  Sugar  Industry  of  the  United 
States,  published  yearly  as  a  special  report  of  the  Secretary  of 
Agriculture,  there  has  been  issued  in  the  years  1897,  1898,  1899,  and 
1900  a  report  covering  the  analytical  figures  obtained  in  the  analyses 
of  samples  of  beets  for  these  years.  Since  1900  there  has  been  no 
publication  of  results  of  analyses  of  beets  made  in  the  Bureau  of 
Chemistry  other  than  those  published  in  the  study  of  the  influence 
of  environment  on  the  composition  of  the  beet.  Many  samples 
have  been  analyzed  since  that  time. 

>  U.  8.  Dept.  Agr.,  Boreaa  of  Chemistry  Bui.  52,  p.  12. 
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During  the  years  1901-1904  many  samples  of  beets  were  analyzed 
for  local  sugar  projects,  but  their  results  are  not  included.  The 
results  from  1905  on  to  1910  have  been  tabulated  by  States  and 
counties.  The  location  of  the  coxmty  in  the  State  is  noted  by  the 
usual  sign,  namely:  D  center  of  State;  D-  east  of  center  of  State; 
^  southwest  of  center  of  State,  etc.  The  figures  given  are  for  the 
average  weight  of  beets  (expressed  in  ounces),  per  cent  of  sugar  in 
juice,  and  purity  of  the  juice  (the  per  cent  of  sugar  in  the  solids  of 
the  juice).  The  condition  of  the  sample  as  received  is  also  stated. 
In  this  table  no  averages  for  States  or  counties  are  given,  as  so  many 
factors  enter  into  the  results  that  conclusions  based  on  such  data 
might  be  misinterpreted.  In  fact,  one  can  only  form  a  comparative 
opinion  as  to  the  fitness  of  a  certain  region  for  beet  growing  from 
these  analyses.  The  reasons  for  this  may  be  briefly  stated  and 
serve  also  to  illustrate  the  need  for  very  careful  work  before  passing 
final  judgment  on  the  possibilities  of  any  section  for  beet  culture. 

FAGTOBS  TO  BE  COITSIDESED  Sff  IHTEBFBETIVO  AVALTTICAL 

BESXTLTS. 

A  sugar  beet  is  a  plant  that  is  greatly  influenced  by  environment, 
cultivation,  etc.  Beets  from  the  same  seed  may  be  grown  in  the 
same  soil  and  under  the  same  climatic  conditions  and  the  sugar 
contents  at  maturity  be  very  different,  owing  to  different  methods 
of  cultivation.  A  farmer  who  has  grown  beets  a  niunber  of  years 
in  succession  may  raise  a  better  crop  than  one  in  the  same  locality 
who  has  had-  no  experience.  Many  of  the  samples  herein  reported 
came  from  farmers  who  had  never  raised  beets  before;  some  of  the 
crops  were  no  doubt  raised  on  land  entirely  unsuitable  for  beet 
culture,  and  the  results  from  the  latter  experiments  would  be  of 
value  as  a  test  only  if  the  soil  of  the  plat  were  representative  of  this 
particular  section.  The  large  nimiber  of  persons  applying  for  beet 
seeds  during  a  year  made  it  impossible  to  keep  a  detailed  record 
of  the  varying  cultural  and  climatic  conditions,  although  instructions 
were  sent  in  all  cases  regarding  the  selection  of  the  plat  for  the  work 
and  cultivation  methods. 

Correct  sampling  methods  are  also  important  to  insure  comparable 
results.  Many  people  believe  that  the  more  prolific  the  growth  of  a 
beet  the  higher  will  be  the  percentage  of  sugar,  and  so  select  large 
beets  from  a  patch  for  testing.  This  is  not  true,  however,  except  in 
rare  cases.  Again,  the  sugar  content  varies  with  the  degree  of 
ripeness.  As  a  beet  matures  the  percentage  of  sugar  increases;  so 
selection  with  regard  to  this  point  is  important.  Two  persons 
going  through  a  field  for  sampling  may  draw  samples  that  will  vary 
as  much  as  3  or  4  per  cent  in  sugar  content.  But  if  one  is  familiar 
with  the  work,  the  results  from  20  or  even  fewer  beets  may  fairly 


Digitized  by 


Google 


INTEBPHBTIN6  ANALYTICAL  BBSULTS.  7 

represent  the  field  at  that  particular  stage  of  growth.  As  no  attention 
was  paid  to  the  method  of  sampling  in  over  90  per  cent  of  the  cases 
here  reported;  the  results^  as  a  basis  for  judging  of  the  suitabiUty 
for  a  ^ven  area  for  beet  cidtivation,  are  apt  to  be  misleading. 

Another  factor  which  may  affect  the  amount  of  sugar  found  is  the 
condition  of  the  beets  when  received  for  analysis.  The  healthy  beet 
when  taken  from  the  ground  is  crisp,  but  on  exposure  to  air  and  heat 
it  soon  loses  moisture  and  becomes  wilted;  the  next  step  is  rotting. 
In  losing  water,  the  percentage  of  sugar  present  wiU,  of  course,  be 
increased,  but  this  increase  is  seldom  in  the  same  ratio  as  the  loss  in 
weight.  Experiments  conducted  in  1891*  at  the  Schuyler  station  in 
Nebraska  show  what  may  happen  under  these  conditions.  Beets  were 
dug  on  October  3,  carefully  cleaned,  and  the  leafy  tops  removed. 
They  were  then  placed  in  the  sun  and  reweighed  at  the  end  of  each 
24  hours.  The  daily  temperature  was  68^  F.  and  the  mean  maximum 
90^  F.  A  heavy  wind  was  blowing  most  of  the  time.  Beginning 
with  152  pounds  of  beets,  the  loss  in  weight  after  one  day  was  13.2 
per  cent,  after  two  days  23.8  per  cent,  after  three  days  32.4  per  cent, 
and  after  four  days  37.5  per  cent.  A  sample  drawn  from  tiiie  fresh 
beets  showed  15.1  per  cent  of  sugar,  while  at  the  end  of  the  fourth 
day  a  sample  drawn  showed  17.1  per  cent,  an  increase  of  only  2  per 
cent  of  sugar.  Calculating  the  original  sugar  content  of  15.1  per 
cent  for  the  loss  in  weight,  the  beets  should  contain  at  the  end  of  the 
four  days  24.2  per  cent,  showing  a  loss  of  7.1  per  cent  in  sugar  in  the 
beet.  This  is  a  remarkable  loss,  but  the  experiment  was  carried  on 
under  severe  weather  conditions,  great  heat  and  wind. 

A  second  trial  was  made  in  which  clean  beets  were  divided  into 
three  portions  of  25  pounds  each.  One  portion  was  left  in  the  field, 
another  was  kept  in  the  air  but  under  a  shed  where  the  direct  rays 
of  the  sun  did  not  come  in  contact  with  the  beets,  while  the  third 
portion  was  analyzed.  At  the  end  of  three  days  there  was  a  20  per 
cent  loss  in  weight  for  the  shed  beets  and  a  22  per  cent  decrease  for 
the  field  beets.  The  sugar  content  of  the  fresh  beets  was  16.2  per 
cent,  of  the  shed  beets  19.6  per  cent,  and  of  the  field  beets  18.3  per 
cent.  Figuring  the  loss  in  weight  as  moisture,  the  sugar  percentage 
of  the  shed  beets  should  be  20.2  per  cent  at  the  end  of  the  three  days 
and  df  the  field  beets  20.7  per  cent.  The  sugar  losses  here  noted  are 
not  so  large  as  in  the  previous  experiment,  being  only  0.6  per  cent 
when  beets  were  kept  away  from  the  direct  rays  of  the  sun,  but  2.4 
per  cent  when  they  were  placed  in  the  sun. 

Other  experiments  that  have  been  tried  indicate  that  after  harvest- 
ing sun  and  heat  work  great  detriment  to  the  sugar  content.  An 
interesting  experiment,  showing  that  under  certain  conditions  the 

1  U.  8.  Dept.  Agr.,  Boreau  of  Chemistry,  Bui.  36,  p.  62. 
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sugar  content  does  increase  in  proportion  to  the  loss  in  weight,  was 
tried  at  the  same  station.  Twenty  beets  of  about  the  same  size  and 
of  the  same  degree  of  ripeness  were  selected.  Ten  were  analyzed 
immediately  and  the  other  10  were  wrapped  in  oiled  paper  and  sent 
to  Washington  for  examination.  The  results  are  given  in  the  follow- 
ing table: 

Comparative  analyses  before  and  after  shipment. 


Timeofanalysb. 

Loot  In 
weight. 

Percent 
of sugar 
In  beets. 

Grams  of 
beets. 

Frwih 

Percent. 

14.7 
16.6 

47.9 

After  ShlpnM^nt  to  Wnjyhingtnn 

12 

47.9 

There  was  a  loss  in  weight  during  shipping  of  12  per  cent,  but  an 
increase  of  1.9  per  cent  in  the  beet  is  noted,  and  the  actual  amount  of 
sugar  in  the  beet  remains  unchanged. 

In  the  case  of  the  samples  herein  reported  the  directions  for  ship- 
ping beets  to  Washington  for  analysis  were  to  wrap  each  beet  sepa- 
rately in  oil  paper,  this  paper  being  sent  the  grower,  together  with 
the  shipping  tag.  In  many  cases  the  beets  were  fresh  when  received, 
but  in  a  large  percentage  of  instances  they  had  evidently  dried  out 
before  wrapping  them  for  sending.  It  is  important  in  using  the  analyt- 
ical data  contained  in  the  tables  to  remember  that  these  factors  may 
have  influenced  the  results. 

For  commercial  purposes  a  beet  of  over  12  per  cent  sugar  content, 
12.5  to  13.5  per  cent  of  sugar  in  the  juice,  and  at  least  80  per  cent 
purity,  and  which  weighs  over  1  pound  but  under  4  or  5  pounds,  is 
considered  the  most  desirable.  Ilie  contracts  of  most  sugar  compa- 
nies with  the  farmers  are  based  on  these  figures^  but  at  times  devia- 
tions from  them  are  accepted.  With  these  facts  in  mind  one  may 
form  an  opinion  of  the  manufacturing  value  of  the  beets  reported 
in  the  tabulated  data  (see  p.  23). 

METHODS  OF  SAMPinrO. 

The  accuracy  of  the  determination  of  sugar  in  the  beet  depends 
largely  upon  mechanical  processes  and  accurate  results  are  difficult 
to  obtain  unless  a  stated  procedure  is  strictly  followed,  thus  elimi- 
nating many  chances  of  error.  As  with  many  other  procedures,  the 
statement  of  methods  for  the  analysis  of  sugar  beets  is  not  sufficiently 
detailed  and  its  limitations  are  not  pointed  out,  so  that  an  inexperi- 
enced worker  may  obtain  accurate  results.  For  example,  all  methods 
for  beet  analysis  presuppose  a  finely  divided  pulp.  With  some 
methods  the  pulp  must  be  much  finer  than  with  others.  This  is 
especially  true  of  "instantaneous"  methods  or  those  obtaining  the 
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sugar  by  digestion  in  the  cold.  The  sampUng  and  subsampling  of 
the  beets  are  important  details,  for  unless  the  sample  is  representative 
the  results  obtained  are  of  little  value. 

SAMPLING  FROM  THE  FIBLD. 

The  beet  chemist  is  often  called  upon  to  take  a  sample  from  the 
field.  This  sample  should  accurately  represent  the  whole  crop  to  be 
of  any  value  as  an  index  of  the  condition  of  the  field.  There  are 
many  methods  of  accomplishing  this,  some  of  a  mathematical  nature. 
The  method  to  be  employed  depends  somewhat  upon  the  size  of  the 
field  and  the  piu*pose  for  which  the  results  are  to  be  used.  If  the  plat 
is  small  and  it  is  the  purpose  to  sample  often,  then  a  smaller  sample 
may  be  used,  but  when  the  fields  are  extensive  a  larger  sample  should 
be  drawn. 

As  an  example  of  a  mathematical  method  of  sampling,  the  following 
is  given:  Look  over  the  plat,  noting  the  stand,  and  remove  all  beets 
that  are  not  up  to  the  average  condition  of  the  field.  Go  through 
again  and  dig  every  fourth  to  tenth  beet  (according  to  size  of  plat) 
for  the  analytical  sample;  every  twentieth  beet  should  be  taken  if 
the  plat  is  very  large.  From  20  to  100  beets  should  constitute  a 
sample.  Another  method  is  to  remove  all  the  beets  in  one  row  or  a 
measured  portion  of  a  row  and  use  these  as  the  analytical  sample. 
Caret  must  be  exercised  that  the  row  selected  is  representative. 

To  ascertain  for  factory  purposes  whether  or  not  the  crop  is  ripe 
and  ready  for  harvest,  the  general  practice  is  to  walk  across  the  field 
from  one  comer  to  the  opposite  one,  noting  the  stand  and  the  general 
condition  of  the  beets  as  indicated  by  their  leaves,  general  appearance, 
etc.;  then  on  returning  to  dig  from  5  to  20  beets  at  random,  selecting 
those  in  average  condition.  Here  the  judgment  of  the  sampler  is 
wholly  reUed  upon,  but  with  experience  and  a  knowledge  of  the  variety 
under  cultivation,  a  representative  sample  should  be  obtained. 

Whatever  method  is  used,  it  is  essential  in  digging  and  cleaning 
the  beets  not  to  injure  the  skin  and  not  to  break  the  roots  too  short. 
The  topping  should  consist  only  in  removing  the  leaves,  the  crown 
being  left  in  place  for  the  chemist  to  remove;  this  prevents  drying 
of  the  sample,  etc. 

SAMPLING  FBOM  PILE,  WAGON,  OR  CAB. 

In  sampling  from  a  pile  instead  of  from  a  field  the  judgment  of  the 
sampler  again  must  be  reUed  upon.  A  good  procedure  is  to  examine 
the  pile  of  beets,  noting  the  general  shape  and  average  size,  and  then 
to  select  from  10  to  50  beets  for  analysis,  depending  on  the  size  of  the 
pile.  A  proportionate  number  of  large,  small,  and  irregular-shaped 
beets  should  be  used  as  they  occur  in  the  pile. 

In  drawing  samples  from  a  wagonload  or  carload  of  beets,  it  is  cus- 
tomary to  adopt  one  of  the  following  procedures:  When  a  dumping 

4426''— BuU.  146-11 2 
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wagon  is  used;  a  bushel  basket  is  placed  on  the  bin  in  the  path  of  the 
falling  beets  and  withdrawn  after  the  load  is  dumped.  The  beets  in 
the  basket  constitute  the  analytical  sample.  If  an  ordinary  wagon  is 
used  a  bushel  basket  full  of  the  beets  is  forked  out  during  the  unloading. 
In  case  the  sample  is  taken  directly  from  the  cars,  three  or  more  sam- 
ples should  be  selected  from  different  portions  of  the  car  as  it  is  being 
unloaded  in  the  same  manner  as  from  the  ordinary  wagon. 

LABORATOBY  SAMPLING  AND  PULPING. 

The  sampling  of  beets  in  the  laboratory  is  a  very  important  matter, 

as  for  the  final  analysis  only  a  very  small 
portion  is  used.  The  samples  offered  for 
analysis  are  composed  of  from  10  to  100 
beets,  and  in  an  ordinary  laboratory  it  is 
practically  impossible  to  pulp  all  of  the 
larger  sample ;  therefore,  one  must  resort 
to  removing  a  section  from  each  beet  and 
pulping  this.  The  removal  of  the  right  sec- 
tion is  a  difficult  matter,  since  the  sugar 
is  not  evenly  distributed  throughout  the 
beet.  Many  persons  have  studied  the  lo- 
caUzation  of  the  sugar  content  of  the  beet. 
Prominent  among  them  are  Violette, 
Wiesner,  De  Vries,  and  Marek.*  The  latter 
went  into  the  subject  quite  thoroughly  in 
1882.  Proskowetz  a  number  of  years  later 
worked  out  the  localization  of  the  sugar 
content  in  the  beet  as  follows:  By  divid- 
ing a  beet  into  four  or  five  equal  horizontal 

sections,  as  is  shown  in  figure  1,  he  obtained  the  following  percentages 

of  sugar  in  the  various  portions: 

Percentages  of  sugar  in  horizontal  sections  of  the  beet. 


Fio.  1.— Horizontal  sectloiiiiig  of  beets. 


Partofbeet. 

Sample  1. 

Sample  2. 

Sample  3. 

In  top.... 
Ai 

t::::::: 

Ai 

12.30 
12.62 
12.57 
11.96 

14.08 
14.36 
14.42 
14.50 
14.20 

17.52 
17.82 
17.68 
17.26 
(') 

1 

Only  four  a 

actions  made 

From  this  it  is  shown  that  the  bulged  section  (Aj)  has  the  highest 
percentage  of  sugar.  Other  observers  by  dividing  the  beet  into 
more  and  smaller  sections  obtained  the  same  result,  namely,  that 
the  highest  sugar  content  is  located  in  the  region  of  the  point  of 

1  Within  the  last  tew  months  Floderer  and  Herke  have  reviewed  the  previous  work  on  this  subject  and 
have  alio  added  a  large  amount  of  careful  experimental  work.  They  come  to  practically  the  same  con- 
dustons  as  are  here  given.    Osterr.-Ung.  Zts.  Zuckerind.  Land.,  1911, 40:  385. 
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gravity  of  the  beet  mass  and  diminishes  on  both  sides  toward  the 
top  and  the  tip.  Dividing  the  beet  as  is  shown  in  figure  2 — that  is, 
cutting  it  into  circular  portions  from  the  center  to  the  skin — the 
following  results  were  obtained: 

Percentage  of  sugar  in  different  vertical  sections  of  the  beet. 


Section  of  beet. 

Per  cent 
sugar. 

Bi 

13.99 
14.12 
14.13 
12.98 

Bt 

Ba 

bJ: 

From  these  data  it  is  seen  that  tlie  zone  next  to  the  outside  of  the 
beet  contains  the  liighest  sugar  per  cent,  the  next  inside  zone  being 
nearly  as  high,  while  the  outside  and  the  central  zones  are  lower.  If 
the  beet  were  cut  into  more  zones,  it  would  be  foimd  that  the  high- 
est sugar  occurred  in  a  zone  about  three- 
fourths  of  the  way  from  center  to  the  outside. 

Plant  physiology  shows  that  some  cells 
contain  much  more  sugar  than  others.  If 
the  beet  is  perfect  in  form  a  section  taken 
throughout  its  complete  length  antl  passing 
to  the  center  of  the  beet  would  be  repre- 
sentative. If  the  beet  is  not  of  even  form 
an  error  is  apt  to  creep  in,  as  it  has  been 
foimd  that  the  per  cent  of  sugar  is  higher 
in  the  portion  of  the  beet  that  is  depressed 
than  in  the  well-expanded  portions.  If  the 
weights  of  the  sections  removed  in  sampling 
could  be  so  regulated  that  they  bore  an 
exact  ratio  to  the  whole  weight  of  the  beet, 
and  this  were  constant  for  all,  then  these 
sections  would  accurately  represent  the 
1  arge  sample.  Unfortunately  this  condition 
can  only  be  approached,  as  it  is  possible  to 
cut  a  beet  in  half  or  even  in  quarters,  but 
beyond  that  it  is  difficult  to  subdivide  by 
hand.     The  hand  method  is  the  one  usu-     „ 

,,  1^1  •  1.        1        ,  Fio.2.— Vertical  sectlontoeof  beets. 

ally  employed,  however,  m  sampling  beets, 

although  machines  in  the  form  of  cone-shaped  rasps,  which  remove  a 
section  from  the  beets,  are  manufactured.  The  rasp  is  circular  in  form, 
thicker  at  the  center  and  tapering  to  the  edge.  By  running  a  beet 
over  this  fast-revolving  rasp,  the  section  is  removed  in  the  form  of  a 
fine  pulp,  and  may  be  caught  in  a  basket  or  box  placed  below  it. 
When  using  from  20  to  50  beets  the  sample  of  ground  pulp  is  quite 
large,  and  for  accurate  work  it  must  be  rapidly  mixed  and  quartered, 
drawing  one  or  more  samples  for  analysis.     In  mixing  it  is  necessary 
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to  ^ard  against  evaporation  and  also  squeezing  of  the  pulp ;  evapora- 
tion causes,  of  course,  a  higher  sugar  content  than  is  naturally 
present,  while  squeezing  may  result  in  either  a  higher  or  lower 
sugar  content,  depending  on  the  sample  drawn.  With  quick  mixing:, 
however,  little  loss  occurs. 

In  case  the  section  has  been  removed  by  hand,  it  must  be  reduced 
to  a  pulp.  There  are  many  machines  made  for  this  purpose;  in 
general,  any  meat  chopper  which  yields  a  finely  divided  product 
may  be  used,  but  some  forms  are  preferable  to  others.  An  evenly 
cut  or  shredded  pulp  should  be  obtained  by  grinding  with  little  or  no 
pressing.  Machines  that  operate  by  feeding  the  beets  by  means  of 
a  screw  to  the  cutting  knife  are  very  liable  to  express  some  of  the 
juice,  while  if  the  screw  is  fitted  with  knives  which  do  the  cutting  as 
well  as  the  feeding  the  pressure  on  the  pulp  is  lessened.  Other 
machines  have  a  revolving  bowl  with  rotatory  knives  constantly 
turning,  the  two  being  driven  by  the  same  power.  This  yields  a  fine 
pulp  with  little  pressing,  but  is  hardly  capable  of  receiving  halves  or 
even  quarters  of  beets  to  be  sliced.  An  ordinary  horse-radish  grater 
serves  admirably  for  reducing  sections  of  beets  to  a  fine  pulp.  This 
grater  has  a  rotating  drum  provided  with  nails  extending  from  its  sur- 
face about  a  quarter  of  an  inch.  An  adjustable  chute  extends  to  the 
drum,  so  that  the  beets  can  be  fed  to  it  by  hand.  The  nails  may  be 
replaced  by  embedding  hacksaw  blades  in  the  drum  and  allowing 
the  coarse  teeth  to  stand  out  above  the  surface.  In  using  such  a 
grater  care  must  be  exercised  not  to  feed  too  fast  and  to  have  the 
carrier  for  the  beets  just  touch  the  points  of  the  drum.  In  this  way 
the  beet  is  cut  squarely  off  and  no  portion  goes  through  uncut.  It 
is  highly  important  to  feed  beets  into  this  machine  in  such  a  way 
that  the  grater  comes  in  contact  with  the  skin  of  the  beet  first, 
otherwise  it  is  difficult  to  shred  the  skin,  which  is  generally  very 
tough.  Wlien  one  sample  is  finished  all  of  the  beet  particles  must 
be  carefully  brushed  off  of  the  drum  and  machine  to  avoid  mixing 
the  samples.  This,  however,  is  tme  with  any  machine.  After 
shredding,  the  sample  may  be  thoroughly  mixed  by  hand. 

SAMPLING  AND  TESTING  SEED  BEETS. 

Beets  that  are  to  be  used  for  seed  production  are  tested  for  sugar 
content,  and  it  is  essential  to  obtain  a  sample  from  them  without 
injuring  their  productiveness.  This  is  usually  accomplished  by  bor- 
ing a  hole  through  the  beet  in  some  such  way  as  is  shown  in  figure  3, 
and  collecting  the  borings  for  analysis.  It  is  highly  important  to 
control  the  direction  of  the  passage  of  this  rasp  through  the  beet. 
As  has  been  shown,  the  sugar  is  not  equally  distributed  throughout 
the  beet.  It  behooves  one,  therefore,  to  cut  through  as  many  zones 
as  possible  and  the  same  cut  should  be  made  in  all  cases  if  the  residts 


Digitized  by 


Google 


METHODS  OF  SAMPLING.  13 

are  to  be  comparable.     Much  work  has  been  done  to  determine  the 
point  of  sampling  and  it  has  been  shown  that  the  rasp  should  enter 
near  the  edge  of  the  leaf  scar  and  take  a  direction  at  an  angle  of 
45®  to  the  main  axis  through  the  beet.     This  can  be  accomplished 
by  having  the  beet  placed  on  a  moving  board  tilted  at  the  proper 
angle  and  pressed  against  the  rasp,  or  the  rasp  may 
be  pressed  against  the  beet.     Rasps  are  manufac- 
tured which  remove  this  core  whole,  or  collect  the 
cuttings  in  the  shaft  of  the  drill  (fig.  4).     The  sample 
obtained  this  way  seldom  amounts  to  26  grams  and 
it  is  difficult  to  press  this  quantity  and  obtain  suf- 
ficient juice  to  determine  the  dry  substance  and  also 
the  sugar.     The  per  cent  of   sugar   is  determined 
direct  by  one  of  the  instantaneous  methods  or  by 
the  hot-water  digestion  method.*    Ten  grams  of  the 
beet  pulp  may  be  digested,  made  up  to  38.7  cc;  and 
polarized  in  a  200  mm  tube;  the  reading  will  be  the 
per  cent  of  sugar.     Or  6.48  grams  of  the  cuttings 
may  be  digested,  made  up  to  50  cc,  and  a  reading 
made  in  a  400  mm  tube.     Again,  the  beet  cuttings 
in  the  rasp  can  be  placed  in  a  tared  dish  and  the 
whole  weighed.     The  pulp  is  then  washed  into  a  100 
cc  flask  if  the  sample  amoimts  to  about  13  grams,  or 
into  a  200  cc  flask  if  it  is  nearly  26  grams,  and  a 
water  digestion  is  made  in  the  usual  way.     The  per 
cent  of  sugar  obtained,  multiplied  by  the  relation  of    fio.  3.— Correct  posi- 
the  weight  of  sample  used  to  26  grams  gives  the  per-      [^l^l  ^"^^  "^^ 
centage  of  sugar  present.     A  correction  should  be 
made  for  the  space  occupied  by  the  marc,  26  grams  of  pulp  occupy- 
ing 0.6  cc. 

The  basic  lead  acetate  solution  is  practically  the  only  one  used 
for  clarifying  beet  solutions  for  polarization.  The  clarifying  power 
of  this  solution  depends  somewhat  upon  its  basicity.  Browne  ^  has 
sho¥ni  that  as  the  basicity  increases  the  polarization  of  a  raw  cane 


FiQ.  4.~Boring  rasp. 

sugar  or  cane  sirup  increases.  As  large  an  increase  will  hardly 
take  place  in  the  polarization  of  a  beet,  but  it  shows  that  care  must 
be  taken  in  the  preparation  of  the  basic  lead  acetate  solution, 
'*  Three  well-defined  subacetates  have  been  prepared  by  the  digestion 

I  See  pages  18  and  19.  *  U.  S.  Dept.  Agr.,  Bureau  of  Chemistry  Bui.  122,  p.  223. 
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of  litharge  with  normal  lead  acetate.  These  are  3PbAc2PbO  the 
one  nsuaUy  prescribed  for  clarification,  PbAcPbO  the  monobasic,  and 
PbAc2PbO'  the  diabasic."^  Variations  in  time  of  digestion,  in 
quantities  of  Utharge  used,  and  in  temperature  of  digestion  will  result 
in  solutions  containing  mixtures  of  all  of  these. 

To  prepare  this  reagent  boil  3  parts  (by  weight)  of  neutral  lead 
acetate  and  1  part  of  yellow  Utharge  with  10  parts  of  water  until 
the  reaction  is  completed  or  the  material  is  practically  all  dissolved. 
This  generally  takes  not  over  half  an  hour.  Cool  and  dilute  the 
solution  with  water  to  a  specific  gravity  of  1.25  or  53.7  Brix.  The 
solution  is  filtered  or  aUowed  to  stand  until  clear.  The  bottle  should 
be  kept  tightly  corked,  as  the  composition  of  the  solution  changes. 
It  may  also  be  prepared  by  dissolving  dry  lead  subacetate  (contain- 
ing 72.81  per  cent  of  lead)  in  water  imtil  the  specific  gravity  of  the 
solution  is  1.25  or  53.7  Brix. 

METHODS  FOB  DETEBMnmrO  SUGAR. 

Methods  for  the  determination  of  sugar  in  the  beet  may  be  divided 
into  two  general  classes,  namely,  direct  and  indirect.  The  former 
may  be  subdivided  again  according  to  the  solvent  used  and  the 
temperature  of  extraction.  There  is  only  one  indirect  method  and  this 
will  be  considered  first. 

INDIBBCT  METHOD. 

The  indirect  method  depends  on  pressing  the  juice  from  the  beets, 
determining  the  sugar  in  the  juice,  and  then  by  a  factor  calculating 
the  per  cent  of  sugar  in  the  beet.  In  practice  this  is  accomplished 
by  inclosing  the  beet  cuttings  in  a  jute  or  cotton  cloth,  placing  the 
whole  in  a  press,  and  catching  the  juice  in  a  vessel  large  enough  to 
hold  it  all.  The  juice  is  thoroughly  mixed,  poured  into  a  cylinder, 
and  allowed  to  stand  until  the  air  bubbles  have  collected  at  the  sur- 
face; generally  from  20  to  30  minutes  is  necessary.  This  foam  is 
brushed  aside  when  the  Brix  hydrometer  is  placed  in  the  liquid  to 
obtain  a  reading  on  the  content  of  solids.  The  hydrometer  is  al- 
lowed to  come  to  rest  before  a  reading  is  made,  and  should  float  free 
of  the  sides  during  the  reading.  After  observing  the  reading  and 
noting  the  temperature  of  the  solution,  the  normal  or  double  normal 
amoimt  of  the  juice  is  either  drawn  up  in  a  sucrose  pipette  (Spencer's 
method.  A,  frontispiece)  or  is  weighed.  This  portion  is  run  into  a 
100  cc  flask  with  water,  and  a  solution  of  basic  lead  acetate  added 
in  a  sufficient  quantity  to  produce  a  complete  precipitation,  but  an 
excess  is  to  be  avoided.  The  flask  shown  at  B,  frontispiece,  is  an 
excellent  shape  for  sugar  analysis,  because  the  slanting  sides  prevent 


<  U.  S.  Dept.  Agr.,  Bureau  of  Chemistry  BuL  122,  p.  223. 
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air  bubbles  from  remaining  on  its  surface.  The  flask  is  then  filled  to 
the  mark  with  water,  shaken,  filtered,  and  polarized.  The  percentage 
of  sugar  in  the  juice  thus  obtained  is  multiplied  by  a  factor  to  obtain 
the  amount  of  sugar  in  the  beet.  This  factor  corrects  for  the  marc 
or  soUd  portion  of  the  beet.  It  is  not,  however,  accurate  to  deter- 
mine the  marc  by  the  usual  method,  namely,  by  washing  away  the 
soluble  portion  of  the  beet,  drying,  and  weighing,  calculating  the  per 
cent  of  soUds,  subtracting  this  from  100,  and  using  the  figure  found 
for  the  juice  factor.  With  this  procedure  the  results  will  be  too  high 
for  the  reason  that  the  marc  contains  water  other  than  that  holding 
the  sugar  and  no  correction  is  made  for  it.  The  marc  of  beets  varies 
from  4  to  5.5  per  cent,  with  an  average  of  about  4.7  per  cent.  The 
juice  factor  calculated  from  this  figure  woidd  be  about  95.3,  but  when 
the  colloidal  water  or  water  of  marc  is  considered  the  figure  is  from 
88  to  95,  depending  on  the  condition  of  the  beets  and  the  pressure 
used.  A  factor  as  low  as  82  may  be  obtained  if  the  beets  are  badly 
wilted  from  long  standing  in  a  dry  climate,  such  as  Colorado.  This 
factor  may  be  determined  for  a  given  locaUty  by  selecting  beets  of 
average  condition  and  finding  the  per  cent  of  sugar  in  the  juice  by 
the  indirect  method  just  given;  then  on  a  small  portion  of  the  same 
sample  of  beets  determining  the  per  cent  of  sugar  in  the  beet  by  one 
of  the  direct  methods,  and  dividing  the  per  cent  of  sugar  in  the  beet 
by  the  per  cent  of  sugar  in  ther  juice.  Such  a  factor  is  applicable  to 
beets  of  like  condition. 

The  indirect  method  is  used  somewhat  extensively,  for  by  its  use 
in  addition  to  the  percentage  of  sugar  the  purity  of  the  juice  (the  per 
cent  of  sugar  in  the  solids  of  the  juice),  which  is  considered  by  some 
to  be  an  important  factor  in  beet  analysis,  is  obtained.  This  method 
is  advantageous  in  that  large  quantities  of  pulp,  representing  many 
beets,  can  be  used  for  pressing;  therefore  it  is  very  easy  to  obtain  an 
average  sample  when  the  original  quantity  is  large.  The  main  objec- 
tion to  it  is  that  it  does  not  give  the  sugar  in  the  beet  direct,  the  use 
of  a  factor  being  necessary.  This  average  factor  varies  somewhat  in 
different  localities,  ranging  from  91.5  to  93,  and  its  use  works  to  the 
advantage  of  one  sample  and  to  the  disadvantage  of  another.  If  not 
much  depends  on  the  accuracy  of  the  results,  this  method  can  be 
used,  but  it  can  hardly  be  recommended  when  exactness  is  desired. 

ERRORS   OF  THE   METHOD. 

Errors  in  the  actual  determination  of  the  percentage  of  sugar  creep 
in  from  the  following  sources,  but  with  beets  of  15  or  even  20  per 
cent  sugar  content  these  errors  may  be  within  the  error  of  reading  or 
the  limits  of  the  sensibility  of  the  instrument: 

(1)  Use  of  the  wrong  normal  weight.  Most  polariscopes  that  have 
been  purchased  during  the  last  five  or  six  years  are  standardized  for 
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26  grams  of  sugar,  dissolved  and  made  up  to  100  true  cubic  centimeters 
with  water  at  20°  C,  and  the  polarization  made  in  a  200  mm  tube  at 
the  same  temperature.  The  old  normal  weight  of  26.048  grams  of 
sugar  was  for  lOOMohr  cubic  centimeters,  and  probably  the  polariza- 
tion was  to  be  made  at  17.5®  C. 

(2)  Use  of  the  wrong  flask,  namely,  Mohr  cubic  centimeter  flasks 
in  place  of  true  cubic  centimeter  flasks  or  vice  versa. 

(3)  Use  of  old  polariscopes  whose  accuracy  has  not  been  checked. 
A  polariscope  scale  can  be  checked  against  pure  sugar,  but  ordinarily 
it  is  much  better  to  check  against  a  standardized  quartz  plate. 

(4)  Use  of  sucrose  pipette  in  place  of  a  normal  weight.  This 
pipette  can  be  easily  standardized  and  the  error  due  to  this  source 
checked,  but  in  general  it  is  better  to  obtain  the  normal  or  double 
normal  amount  of  juice  by  weighing. 

An  error  that  may  amount  to  several  per  cent  can  be  introduced  by 
using  the  same  jute  cloth  for  pressing  beets  when  the  per  cents  of 
sugar  in  the  two  samples  vary  greatly.  A  large  error  may  also  enter 
from  dilution  by  not  removing  all  of  the  water  used  in  washing  out 
the  press  after  each  sample.  Errors  in  reading  the  Brix  hydrometer 
are  sometimes  due  to  air  in  the  juice  and  also  to  the  adherence  of  the 
hydrometer  to  the  sides  of  the  cylinder.  If  these  chances  of  error  are 
guarded  against,  the  reading  of  the  per  cent  of  sugar  in  the  juice  should 
be  accurate.  The  following  table  *  shows  the  possible  error  from  the 
use  of  a  wrong  factor: 

Variations  in  results  obtained  by  using  different  factors. 


Sugar  In  beet  calculated  by  fiictor— 

Sugar 
injuloe. 

90 

91 

92 

93 

94 

95 

Percent. 

Per  cent 

Percent. 

Percent. 

Percent. 

Percent. 

Percent. 

12 

10.8 

10.92 

11.04 

11.16 

11.28 

11.40 

13 

n.7 

11.83 

11.96 

12.09 

12.22 

12.35 

12.6 

12.74 

12.88 

13.02 

13.16 

13.30 

13.5 

13.65 

13.80 

13.95 

14.10 

14.25 

14.4 

14.56 

14.72 

14.88 

15.04 

15.20 

15.3 

15.47 

,15.64 

15.81 

15.98 

16.15 

16.2 

16.38 

16.56 

16.74 

16.92 

17.10 

17.1 

17.29 

17.48 

17.67 

17.86 

18.05 

20 

18.0 

18.20 

18.40 

18.60 

18.80 

19.00 

21 

18.9 

19.11 

19.32 

19.53 

19.74 

19.95 

Should  the  juice  polarize  20®  and  a  factor  of  90  be  used  when  95  is 
the  correct  one,  the  resulting  figure  for  the  sugar  in  the  beet  is  just  1 
per  cent  too  low.  If  the  results  by  this  method  are  used  as  a  basis 
for  the  price  paid  for  beets,  the  grower  would  lose  the  price  of  an  extra 
per  cent  of  sugar  per  ton,  which  varies  from  20  to  25,  or  33  cents. 

1  Taken  from  report  of  £.  £.  Ewell,  Filty-fllxth  Congress,  fUtst  seaaion,  Doc  No.  699,  p.  147. 
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Hydraulic  Press  for  Beet  Analysis. 

A,  Head  block.  B,  Hydraulic  jack  with  mm  <}.  C,  Release  valve  of  mck.  D,  Stand  for  vessel 
to  receive  juice.  £,'  Receiving  box  fa*<tened  to  ram  G.  H,  Handle  for  pumping  up  jack. 
/,  J,  Porous  box  and  cover  for  beet  sample. 
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HYDRAULIC   PRESS. 

In  Plate  I  is  shown  a  form  of  press  that  has  been  used  successfully 
for  beet  pressmg  by  this  laboratory.  It  consists  of  a  hydraulic  jack 
B  fastened  to  two  pieces  of  I  beam  clamped  together  for  the  base. 
Fastened  to  these  clamps  are  two  upright  steel  rods  K,  and  to  them 
are  fastened  I  beams  with  clamps  to  hold  the  head  block  A,  Fitted 
to  the  ram  G  of  the  jack  is  an  iron  box  with  lip  £",  also  the  bent  rods 
F  and  the  platform  Z>.  To  operate  this  press  the  porous  cast-iron 
pan  /  is  placed  in  the  box  E,  A  square  of  jute  cloth  is  then  placed 
in  the  pan,  and  the  sample  of  beet  cuttings  poured  into  it.  The  edges 
of  the  cloth  are  folded  over  and  the  plate  J  is  placed  on  top.  A  jar 
for  receiving  the  juice  is  placed  on  the  platform  Z>,  and  by  means  of 
the  handle  H  the  jack  is  jumped  up  against  the  head  block  A,  When 
the  juice  has  stopped  running,  the  release  valve  at  Cis  opened  and  the 
ram  quickly  returns  to  ]>lace.  The  pan  /  can  be  slid  out  on  the  rods 
F,  the  press  cake  removed,  and  a  new  sample  inserted.  It  is  essential 
to  have  a  pressure  gauge  on  the  chamber  of  the  jack,  since  in  ana- 
lyzing beets  by  this  method  the  same  pressure  should  be  maintained 
througnout. 

DIRECT  METHODS. 

In  the  direct  methods  the  per  cent  of  sugar  is  determined  directly 
on  the  beet.  These  methods  may  be  classified  according  to  the  sol- 
vent used  for  extraction,  namely,  water  or  alcohol,  and  these  may  be 
again  divided  into  extraction  in  the  cold  and  with  heat.  So  many 
slight  modifications  of  these  different  methods  are  known  and  used 
that  all  of  them  can  not  be  discussed;  only  statements  of  the  repre- 
sentative methods  can  be  given. 

WATER   METHODS. 
COLD-WATER    DIGESTION    METHOD    OF    PELLET. 

Weigh  the  normal  amount  of  beet  cuttings,  26  or  26.048  grams,  and 
transfer  to  a  laige-mouth  flask  (C,  frontispiece)  with  a  mark  at  200.6 
cc*  Add  5  cc  of  basic  lead  acetate  solution  (see  p.  13),  shake,  and 
add  water  up  to  the  shoulder  of  the  flask.  Mix  the  contents  by 
rotating  in  the  hand,  and  allow  to  stand  25  minutes  in  order  to  expel 
the  air  bubbles.  Beat  down  the  collected  froth  with  an  ether  spray 
and  fill  the  flask  to  the  mark  with  water.  Then  shake  the  contents 
vigorously,  placing  the  hand  over  the  mouth  of  the  flask,  filter,  and 
polarize  in  a  200  or  400  mm  tube  after  adding  a  drop  of  acetic  acid. 

For  this  method  it  is  necessary  to  have  the  finest  divided  pulp 
possible  and  it  is  also  advisable  to  have  a  pear-shaped  flask  instead 

1  Ntnneroua  expertanento  have  shown  that  the  mare  of  the  nonnal  weight  of  average  beets  occupies  about 
0.6ocof8pace. 
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of  the  ordinary  round,  ball-shaped  one  m  general  use,  so  that  the 
entramed  air  bubbles  may  seek  the  sxurface  and  not  remain  on  the 
sides  of  the  vessel.  This  method  has  been  much  criticized  because  a 
finely  divided  pulp  is  necessary  to  prevent  an  imperfect  extraction  of 
the  sugar,  and  also  because  ordinary  shaking  will  not  disengage  all 
of  the  air  bubbles  from  the  pulp,  thereby  causing  the  use  of  a  smaller 
quantity  of  water  to  fill  the  flask  to  the  mark,  and  thus  giving  too 
high  results  for  sugar  in  the  beet. 

COLD-WATER  DIOE8TION  METHOD  O^  SACHS  LB  DOCTE. 

This  is  a  modification  of  Pellet's  method  for  the  purpose  of  removing 
the  error  resulting  from  the  entrained  air.  Weigh  26  grams  of  the 
fine  beet  pulp  into  a  tin-lined  copper  vessel  (Z?,  frontispiece),  add  5 
cc  of  basic  lead-acetate  solution  and  172  cc  of  water.  Put  the  cover 
E  in  place  and  shake  the  whole  vigorously,  then  allow  it  to  stand  for 
three  minutes,  remove  the  cover,  filter,  and  polarize  the  solution  in  a 
200  mm  tube  after  adding  a  drop  of  acetic  acid  and  double  the  reading, 
or  polarize  in  a  400  mm  tube,  in  which  case  the  reading  gives  the  per 
cent  of  sugar  in  the  beet. 

In  this  method  it  is  assumed  that  beets  contain  95  per  cent  of 
juice  with  an  average  specific  gravity  of  1.07.  The  volume  of  the 
juice  contained  in  a  normal  weight  would  then  be 

26^^23.08  cc 

and  (200-23.08  cc)  176.92  cc  of  water  would  be  necessary  to  complete 
the  volume  to  200  cc.  A  special  pipette  (F,  frontispiece)  has  been 
designed  to  deliver  this  amount.  A  quarter  turn  of  the  stopcock 
opens  the  entrance  0  for  the  lead  acetate,  so  that  5  cc  can  be  meas- 
ured, then  another  quarter  turn  opens  the  water  entrance  H  to  fill 
the  biu^tte  to  the  overflow,  and  a  half  turn  delivers  the  Vrhole  into 
the  dish. 

As  in  the  preceding  method,  the  beet  pulp  must  be  very  fine, 
otherwise  an  imperfect  extraction  will  occur.  This  method  is  also 
open  to  criticism  in  that  all  beets  do  not  contain  95  per  cent  of  juice 
and  all  beet  juice  does  not  possess  a  specific  gravity  of  1.07.  It  is 
rightly  claimed,  however,  that  the  errors  introduced  by  the  use  of 
these  constants  are  so  small  that  they  will  fall  within  the  limits  of 
accuracy  of  the  readings. 

HOT-WATER  DIGESTION   METHOD. 

Weigh  62  grams  of  the  beet  cuttings  and  transfer  them  with  water 
to  a  large-mouth  flask  {C,  frontispiece)  of  201.2  cc  content;  add  from 
5  to  10  cc  of  lead  subacetate  solution,  fill  the  flask  to  the  mark  with 
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hot  water,  and  shake.  Immerse  the  flask  in  a  water  bath  at  80^  C. 
and  shake  at  intervals  by  rotating.  Add  water  from  time  to  time  so 
that  at  the  end  of  the  heating,  about  30  minutes,  the  water  in  the 
flask  is  a  little  above  the  mark.  Remove  the  flask  from  the  water 
bath  and  allow  it  to  cool  to  standard  temperat\u*e;  add  a  sufficient 
quantity  of  concentrated  acetic  acid  to  make  the  solution  very 
slightly  acid  in  reaction  (generally  less  than  0.5  cc  is  necessary) 
and  a  few  drops  of  ether  to  break  the  foam;  complete  the  volume. 
Ifix  thoroughly,  filter,  and  polarize  in  a  200  mm  tube. 

With  this  method  a  coarser  beet  pulp  can  be  used  than  for  the  cold- 
water  methods,  but  over  30  minutes  may  be  necessary  for  digestion, 
if  very  coarse  cuttings  are  used.  To  obtain  correct  results,  care  must 
be  exercised  to  make  up  to  volvune  at  the  standard  temperature  of 
20°  C.  (if  the  instrument  and  flasks  are  standardized  at  that  tempera- 
ture) and  to  digest  the  beet  cuttings  with  as  large  a  quantfty  of  water 
as  possible.  Not  over  6  cc  in  any  case  should  be  added  during 
digestion  and  final  cooling  to  complete  the  volume.  Where  smaller 
quantities  of  water  are  used  during  digestion  and  then  a  large  quantity 
of  water  is  added  at  the  last  to  make  to  volimie,  the  sugar  has  not 
become  equally  diffused  and  the  results  are  too  low.  Differences  of 
over  1  per  cent  in  sugar  content  are  often  caused  by  lack  of  care  iu  this 
particular. 

HOT-WATBR  DIGESTION  METHOD  OF  SACHS  LS  DOCTE. 

The  procedure  in  the  Sachs  Le  Docte  cold-water  extraction 
method  (p.  18)  is  modified  as  follows  for  hot  digestion:  The  weighing 
and  the  vessels  used  are  the  same,  also  the  quantities  of  lead  sub- 
acetate  and  water  are  the  same,  namely,  177  cc.  A  special  rubber 
disk  cover  (/,  frontispiece)  is  provided  for  the  digestion  vessels.  Put 
this  in  place  and  after  shaking  the  vessel  immerse  it  in  a  water  bath 
kept  at  80°  C.  for  30  minutes,  or  for  25  minutes  if  the  temperature  is 
86°  C.  The  temperature  during  extraction  should  not,  however, 
exceed  this  figure.  Remove  the  cups  and  immerse  in  cold  water,  bring- 
ing the  temperature  down  to  20°  C.,  shake,  remove  the  covers,  filter, 
and  polarize,  after  adding  a  drop  or  so  of  acetic  acid. 

The  chance  of  error  due  to  contained  air  or  unequal  diffusion  of 
the  pulp  is  removed  by  this  method.  As  in  the  former  case  the 
cuttings  need  not  be  so  fine  as  with  the  cold-water  extraction  methods. 

HSRZFBLD'S  modification  OF  THE  SACHS  LB  DOCTE  METHOD. 

Instead  of  the  tin-coated  copper  beakers  used  in  the  preceding 
method,  Herzfeld  uses  an  extraction  vessel  of  nickel-plated  sheet 
iron  made  as  shown  in  figure  6.  The  vessel  is  round.  He  also  uses 
small  weighing  glasses,  holding  26  grams  of  material,  which  can  be 
introduced  with  the  beet  cuttings  into  the  extraction  vessel.    These 
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watch  glasses  are  filled  to  equal  weight  and  numbered  consecutively, 
as  are  also  the  extraction  vessels.    The  procedure  is  as  follows: 

Weigh  26  grams  of  the  beet  pulp  on  a  watch  glass  and  transfer  to 
the  extraction  vessel,  then  run  in  177  cc  of  dilute  basic  lead-acetate 
solution  (5  parts  of  basic  lead-acetate  solution,  Brix  53.5,  to  100 
parts  of  water),  shake  and  place  a  stopper  which  has  been  covered 
with  tinfoil  lightly  in  the  opening.  Submerge  the  whole  in  a  water 
bath  at  75*^  to  80°  C.  for  30  minutes,  shaking  intermittently.    When 

all  air  has  been  expelled  (generally  after  five 
minutes),  tighten  the  stopper  in  the  vessel. 
At  the  expiration  of  the  time  remove  and 
cool.  Take  out  the  stopper  after  shaking 
thoroughly,  filter,  and  polarize  in  a  400  nmi 
tube,  after  addition  of  a  drop  of  acetic  acid  to 
determine  the  per  cent  of  sugar  in  the  beet. 
This  method  does  not  require  very  fine 
pulp  and  is  open  to  few  chances  of  error. 
It,  together  with  the  Sachs  Le  Docte  method, 
has  a  decided  advantage  over  the  other  hot 
digestion  method,  in  that  there  is  little  chance 
of  a  loss  of  sample  by  the  container  breaking. 
When  working  with  glass  flasks  one  is  likely 
to  ruin  many  determinations.     For  quick 

Fio.  6.-Henfeld's  metaUte  beaker,      ^^j,^  ^^ j  ^y^^^  j^^^y  samples  are  tO  be  TUU, 

large  heating  and  cooling  vessels  can  be  used  and  the  dishes  taken 
from  the  one  and  placed  inmiediately  in  the  other  to  cool,  without 
risk  of  losing  the  determination,  thereby  saving  considerable  time. 
This  method  has  been  adopted  by  the  Society  of  the  German  Sugar 
Industry,  and  with  a  few  modifications  in  apparatus,  but  not  of 
procedure,  by  a  number  of  other  sugar  associations  of  Europe. 

ALCOHOL   METHODS. 

The  methods  using  alcohol  as  the  solvent  may  be  divided  into  two 
classes — digestion  and  extraction  methods.  The  former  is  again 
divided  into  hot  and  cold  digestion  methods. 

COLD   ALCOHOL  DIQESTION   METHOD. 

Weigh  52  grams  of  the  beet  cuttings  and  transfer  to  a  flask  (having 
a  capacity  of  201.2  cc)  with  90  per  cent  alcohol,  add  4  cc  of  lead 
subacetate  solution  and  shake,  then  add  more  90  per  cent  alcohol 
with  shaking  to  remove  the  air  bubbles,  complete  the  volume,  allow 
to  stand  half  an  hour,  and  add  alcohol  if  a  decrease  in  volume  is 
noted.  Thoroughly  shake  the  flask  and  filter,  keeping  the  filter 
covered  to  prevent  loss  by  evaporation.     Polarize  in  a  200  mm  tube. 
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With  this  method  very  fine  pulp  is  necessary  and  the  greatest  care 
must  be  exercised  to  remove  all  of  the  air  from  the  beet  cuttings  to 
insure  an  even  digestion.  For  accurate  readings  the  polarization 
should  be  made  at  the  standard  temperature  of  the  instrument  and 
flasks  and  allow  of  no  evaporation.     This  method  is  but  Uttle  used. 

HOT  ALCOHOL  DIGESTION   METHOD. 

The  same  procedure  is  followed  as  in  the  preceding  method  up  to  the 
point  of  adding  more  alcohol.  In  this  method  add  only  enough  90  per 
cent  alcohol  to  fill  the  flask  three-fourths  f  uU.  Then  connect  the  flask 
with  a  retmn  condenser,  place  in  a  water  bath,  and  allow  to  boil 
for  20  minutes.  Cool  the  flask  and  contents  to  the  standard  tempera- 
ture and  bring  up  to  the  mark  with  90  per  cent  alcohol,  shake  and 
allow  to  stand  for  awhile,  filter,  and  polarize. 

This  method  does  not  require  so  fine  a  pulp  as  the  former  one 
and  is  not  open  to  error  from  entrained  air  bubbles,  but  to  obtain 
correct  results  it  must  be  worked  carefully  to  prevent  evaporation 
and  changes  of  temperature  during  polarization. 

ALCOHOL   EXTRACTION   METHOD. 

The  alcohol  extraction  method  has  been  recognized  as  the  standard 
method  for  sugar  determination  and  is  the  one  with  which  other 
methods  are  compared,  but  its  execution  is  difficult  and  the  re^sults 
are  liable  to  error  if  the  greatest  care  is  not  exercised.  For  the 
inexperienced  chemist  it  is  not  a  suitable  method,  but  by  familiarizing 
oneself  with  its  details  and  difficulties,  correct  results  can  be  obtained. 

A  Soxhlet  extraction  apparatus  is  necessary  for  thLs  method.  The 
usual  form  has  been  improved  by  opening  the  siphon  tube  with  a 
short  tube  and  cork  as  shown  in  the  frontispiece,  K.  In  this  way  one 
can  test  the  progress  of  the  extraction  by  withdrawing  a  sample 
without  interfering  with  the  work.  The  best  procedure  for  this 
method  is  to  weigh  26  grams  of  the  beet  pulp  and  transfer  to  a  100  cc 
flask  with  about  50  cc  of  90  per  cent  alcohol  and  from  3  to  5  cc  of 
basic  lead-acetate  solution.  Connect  a  return  condenser  to  the  flask 
and  place  in  a  boiling  water  bath  for  from  10  to  15  minutes.  Then 
pour  the  whole  into  the  extractor,  washing  out  the  flask  with  fresh 
portions  of  90  per  cent  alcohol.  A  return  condenser  is  connected 
with  the  Soxhlet  extractor  and  also  a  100  cc  flask,  the  latter  by 
means  of  a  cork.  Add  more  90  per  cent  alcohol  until  the  siphon 
is  started  and  the  lower  flask  is  about  three-fourths  full.  Place  the 
containing  flask  in  a  covered  water  bath  held  at  a  heat  that  will 
make  the  alcohol  boil  freely.  Continue  the  extraction  for  from  one  to 
four  hours,  or  until  a  test  of  the  alcohol  in  the  extractor  gives  no 
color  with  «r-naphthol  solution  (see  p.  22).  Remove  the  flask  and 
add  90  per  cent  alcohol  to  the  mark  after  cooling  to  the  standard 
temperature,  shake  and  filter.     Polarize  in  200  mm  tube. 
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Care  must  be  exercised  to  prevent  evaporation  and  changes  of 
temperature  and  also  to  use  only  a  minimum  amount  of  basic  lead 
acetate,  generally  nearer  3  ce  than  5  cc,  for  clarification.  By  digest- 
ing the  beet  pulp  with  the  alcohol  before  extraction,  the  time  of 
extraction  is  greatly  shortened,  the  pulp  becomes  thoroughly  impreg- 
nated with  the  alcohol,  and  all  air  is  removed,  resulting  in  a  good 
extraction  of  the  whole  material.  If  the  pulp  is  fine  and  tends  to 
clog  the  siphon,  alcohol-washed  cotton  may  be  used  as  a  plug  in  the 
extractor  before  adding  the  beet  pulp,  and  a  fine  mesh  screen  may  be 
placed  over  the  pulp  to  keep  the  whole  compact  in  the  extractor. 

To  determine  whether  all  of  the  sugar  has  been  extracted  or  not 
the  following  qualitative  test  is  used: 

a-^naphthol  test  for  sugars, — ^Add  four  or  five  drops  of  a  20  per 
cent  alcoholic  a-naphthol  solution  to  a  few  drops  of  the  alcohol 
coming  from  the  extractor  and  2  cc  of  water  contained  in  a  small 
test  tube.  Shake  well,  tip  the  test  tube,  and  allow  from  2  to 
6  cc  of  colorless  concentrated  sulphuric  acid  to  flow  down  the  side  of 
tube;  then  hold  the  tube  upright,  and  if  sucrose  is  present  a  color 
varying  from  a  faint  to  a  deep  violet  will  be  noted  at  the  junction  of 
the  two  Uquids.  On  shaking,  the  whole  solution  becomes  a  blue 
violet  color.  This  test  is  suitable  for  the  results  required  of  it  in 
this  work,  but  it  must  be  remembered  that  other  sugars  and  sub- 
stances besides  sucrose  give  this  color  reaction. 

DISCUSSION  OF  METHODS. 

For  a  number  of  years  the  proper  methods  for  determining  sugar 
in  the  beet  have  been  discussed  by  sugar  chemists,  especially  as  to 
the  relative  merits  of  alcohol  and  of  water  extraction.  As  a  general 
rule  German  sugar  chemists  favored  alcohol  methods,  while  the 
French  favored  water  methods.  Within  the  last  year  a  truce  has 
been  declared  and  it  is  acknowledged  that  for  very  accurate  or 
control  work  the  alcohol  extraction  method  should  be  used,  but  for 
general  work,  one  of  the  hot-water  digestion  methods  will  give  good 
results  and  the  analyst  is  less  likely  to  introduce  errors  in  the  manipu- 
lation. With  the  average  sample  of  beets,  the  two  methods  when 
carefully  appUed  will  yield  duplicate  results  but  in  the  case,  of  very 
abnormal  beets  one  method  might  give  higher  figures  than  another. 
The  instantaneous  methods  (cold  extraction)  are  only  suitable 
with  very  fine  pulp  and  the  results  can  be  depended  upon  only  when 
they  have  been  checked  against  a  standard  method.  With  these 
instantaneous  methods  as  many  samples  of  beets  can  be  analyzed 
per  day  as  by  the  indirect  method,  and  it  is  claimed  by  many  that 
the  Sachs  Le  Docte  hot  digestion  method  or  the  Herzfeld  modification 
will  yield  as  many  determinations  in  a  given  time  as  the  indirect 
method,  with  the  same  amount  of  work,  provided  the  laboratory  is 
fitted  for  the  work. 
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County  and  town. 

Analysis. 

Condition 
of  sample. 

Serial 
num- 
ber. 

State. 

Average 
weight. 

Sugar 

in 
juice. 

Purity. 

77.6 

77.2 

80.3 

57.6 

82.5 
80.8 
79.7 

78.8 

83.1 

76.3 

88.7 

82.2 

85.8 
79.5 
63.5 
86.8 
85.6 
91.8 
79.0 
79.2 
78.3 
76.8 
80.6 

70.6 

81.5 
83.7 
88.2 
85.0 
88.3 
8&7 
84.0 
81.7 
78.6 
75.0 
82.1 
89.3 
84.1 

83.2 

84.7 
71.1 
75.5 
86.6 
86.6 
78.8 
86.8 
83.5 
83.5 

66.5 
84.2 
72.3 
87.2 
88.6 
71.2 
85.2 

Date  of 
analysis. 

Alabama 

Shelby    D 

Calera 

Ouncet. 
13 

16 

8 

14 

16 
20 
14 

5 

16 

11 

40 

24 

40 

16 
16 
10 
15 

4 
16 
25 
24 
24 

8 
28 

20 

21 
22 
26 
28 
8 
40 
24 
16 
32 
52 
48 
20 
17 

16 

36 
36 
44 
24 
18 
24 
26 
56 
24 

Percent 
13.0 

14.6 

11.4 

7.40 

13.30 
13.00 
12.15 

15.2 

13.0 

15.7 

13.75 

21.40 

14.8 

14.6 
12.0 
8.0 
15.3 
15.5 
18.1 
15.5 
12.2 
13.0 
12.7 
14.6 

laoo 

14.7 
16.2 
20.2 
15.9 
18.1 
20.9 
17.3 
18.7 
14.6 
12.9 
15.6 
22.6 
l&l 

16.3 

15.0 
10.8 
15.4 
17.5 
14.2 
11.9 
19.1 
17.5 
19.2 

10.7 
18.2 
10.7 
15.0 
16.4 
9.8 
16.7 

Pair 

7064 

5626 

4374 

7931 

7887 
7889 
7808 

5151 

7071 

7147 

7966 

7888 

7203 

5721 
5722 
5725 
5741 
5778 
5792 
7128 
7142 
7145 
7160 
n75 

8002 

3760 
3761 
3769 
3770 
3771 
3778 
3802 
3811 
3812 
3816 
3817 
5232 
5248 

5700 

3701 
3702 
3703 
3765 
3766 
3767 
3768 
3777 
3792 

5660 
5708 
5728 
5745 
5761 
5753 
7140 

Aug.  20, 1900 
Aug.  13, 1908 
Aug.  25,  1906 
Got.  17, 1910 

Arizona 

Yuma   p 

Wilted 

Arkansas 

Qeyeland    p 

CiaicheiKi    d 

Jonesboro 

Bad. 

Dallas    p 

Ramsey 

Good 

.  .    do  - . 

do ; 

Oct.    3,  1910 

Do'. 

Do. 

Eaglette 

Oct.    8, 1910 

Faulkner    a 

Conway 

Nov.  15, 1907 

Pope   t] 

Hector 

Bad 

Aug.  21, 1900 
Oct.    3,  1900 

CBlUbrnia. 

Imperial    q. 

Good 

do 

Fair 

Modoc    b 

Alturas 

Oct.  24,1910 

San  Diego    q. 

Lakeside 

Oct.    3,  1910 

Shasta    b 

Cassell 

Good 

do 

do 

Poor  red 

Good 

Dry 

Oct.  19,  1900 

^'^^S^ 

Oct.    8,  1908 

Do 

Do. 

Do 

Oct.    9.  1908 

Do 

Oct.  12.  1908 

Do 

Oct.  17,  1908 

Do 

Good 

do 

do 

do 

do 

do 

do 

Oct.  19.  1908 

Do 

Sept.  29, 1909 
Oct     3.  1900 

Do 

Do 

Do. 

Do. 

Oct.    9,  1909 

Nov.  1,  1910 

Nov    1    1906 

Do 

Do 

Colorado 

Boulder    b 

Broomfleld 

Eagle    D 

Avon 

Do 

bo. 

Bilkin 

Do 

Eagle 

Do. 

Do 

Do. 

Do 

Nov    8. 1905 

Avon 

:;;;;;-;;;;;; 

Nnv   14   lOQfi 

Do 

Nov.  27, 1906 
Do. 

Oypmim 

^*Do 

Dec     4  1906 

Do 

bo. 

Do 

Dec.    9,  1907 

Do 

Dec.  23,  1907 
Oct.     5,1908 
Oct.     5, 1905 

El  Paso     a 
Ramah.... 

Good 

Garfield    n 

Glenwood  Springs. 
Do 

Do 

Do 

Garfield 

Do. 

Nov.    1,1905 
Do. 

Do 

Do 

Do. 

Do 

Do. 

Do 

Nov.  18,1905 

Do.. 

Nov.  14,1905 

Sept.  30, 1906 
Oct.     6,1908 
Oct.     9,1908 
Oct.    12,1908 
Oct.    13,1908 

Kit  Canon   o- 

Scibert 

WUted 

Good 

do 

do 

Fair 

Do 

15 
19 
22 
16 
24 
16 

Burlington 

Seibert 

Do 

Do 

do....i. 

Good 

Do 

Do 

Oct.     3.1900 
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Sugar-beet  analyseSf  made  in  the  Bureau  of  Chemistry — Continued. 


County  and  town. 

Analysis. 

Condition 
of  sample. 

Serial 
num- 
ber. 

State. 

weight. 

Sugar 

in 
Juice. 

Purity. 

Date  of 
analyds. 

Colorado 

Lincoln    d- 

I/imon 

Ounct». 
18 
24 

.24 

14 

14 

4 

15* 
48 
32 
38 
48 
32 
40 
45 
33 
29 
40 
56 
29 
36 
28 
37 
32 
45 
26 
29 
40 
48 

24 
16 

8 
14 
28 
22 
20 
28 
56 
52 
36 
30 

10 

12 

14 

48 
17 

10 

24 
24 

20 

48 
21 
20 
48 
32 
16 
21 
60 

12 

Percent. 
14.3 
9.0 

14.7 

17.0 

14.1 

14.8 
17.5 
14.0 
17.4 
15.6 
14.9 
16.2 
15.3 
16.1 
18.3 
20.9 
19.0 
18.7 
18.6 
16.4 
17.7 
18.4 
19.3 
16.7 
19.  a 
21.6 
19.7 
19.4 

19.9 
17.0 

19.2 
20.1 
18.5 
21.6 
20.7 
13.1 
17.2 
16.4 
17.2 
20.0 

6.2 

14.0 

8.9 

7.8 
12.3 

16.5 

20.1 
17.7 

11.2 

14.9 
12.1 
12.8 
11.7 
12.8 
10.8 
14.9 
10.6 

10.8 

81.2 
68.8 

77.4 

77.8 

77.0 

78.7 
82.3 
75.2 
78.4 
81.7 
79.2 
81.8 
80.1 
82.1 
81.3 
86.4 
86.0 
81.3 
83.4 
82.8 
80.8 
84.0 
85.4 
87.0 
85.8 
84.7 
86.3 
84.5 

85.6 
83.7 

81.5 
83.3 
75.5 
78.7 
78.3 
60.1 
70.1 
70.3 
71.1 
75.2 

68.3 

88.1 

71.6 

66.6 
80.9 

84.1 

89.6 
82.9 

74.7 

76.4 
76.6 
77.4 
72.6 
76.6 
73.9 
79.7 
73.2 

88.0 

Good 

do 

Very  bad.. - 

7207 
7816 

7962 

3803 

7923 

5702 
7196 
7329 
7330 
7331 
7332 
7333 
7334 
7335 
7336 
7337 
7338 
7339 
7340 
7341 
7342 
7343 
7344 
7346 
7346 
7347 
7348 
7349 

3804 
5774 

7350 
7351 
7433 
7434 
7436 
7437 
7438 
7439 
7441 
7442 

7857 

7903 

7176 

6736 
5736 

8017 

4381 
8091 

8044 

7223 
7234 
7245 
7272 
7275 
7290 
7294 
8025 

6866 

Oct   19,1909 
Aug.    6,1910 

Oct   21,1910 

Nov.  20,1905 

Oct    15,1910 

Oct     6,1908 

Oct    16,1909 

Nov.    8,1909 

Do. 

Do 

Otero    c^ 

Rocky  Ford 

Pitkin   -u 

Aspen 

Routt   tD 

Steamboat  Springs 
Washington    d" 

Cone 

Good 

Good 

do 

Soft 

Do         

Do 

Do 

Good 

do 

do 

do 

do 

do 

Soft 

Do 

Do 

Do. 

Do 

Do 

Do 

Do. 

Do 

Do 

Do 

Do. 

Do 

Do 

Do 

do 

Good 

do 

Good,  soft... 

Good 

Soft.        ..  . 

Do 

Do 

Do 

Do 

Do 

Do 

Do. 

Do 

Do 

Do 

Do. 

Do 

Good 

do 

do 

do 

do 

Do 

Do 

Do 

Do 

Do 

Do 

Do 

Do 

Do 

Do 

Do 

WeW     tf 

La  Salle 

Nov.  21,1906 
Oct   16,1908 

Nov.    8,1909 
Do 

Carr 

Fair... 

District  of  Co- 
himbia. 

Washington. 

Do ' 

Soft 

Do 

do 

do 

do 

do 

Rotten,  soft. 
do 

Bad  . 

Do 

Dec.     2,1900 
Do. 

Do 

Do 

Do 

Do 

Do. 

Do 

Do 

Do 

Do. 

Do 

Soft 

Do 

Do 

Fair 

Do. 

Georgia. 

Chattooga   t3 

Surometville..  . 
Coweta   -Q 

Newman 

Good 

do 

Good 

Soft 

Sept  23,1910 

Oct.    10,1910 

Oct     9,1909 

Oct.    10,1908 
Do 

Floyd   t3 

Rome 

Greene    D 

PimfiHd 

Do 

Fair 

Good 

W^ho 

Blaine    a 

Ploabo 

Nov.    4,1910 

Oct.   10,1906 
Nov.  19,1910 

Twin  Falls    D 

Twin  Falls 

Do 

Good 

do 

do 

do 

do 

do 

do 

do 

do 

do 

Fair 

niinots 

Bond    p 

Greenville 

Bureau    t 

IMnceton 

Nov.  14,1910 
Oct    21  1900 

Do 

Oct   234909 
Oct   26,1909 
Oct   28,1909 

Do. 
Nov.    1,1909 

Do 

Do 

Do 

Do 

Do 

Do 

Do 

Nov.    8,1910 
Nov.    2,1908 

Cook    cT 

Blue  Island 

Digitized  by 


Google 
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Sugar-heel  analyses,  made  in  the  Bureau  of  Chemistry — Continued. 


County  and  town. 

.Vnalysis. 

Condition 
of  sample. 

Serial 
num- 
ber. 

State. 

Average 
weight. 

Sugar 

in 
Juloe. 

Purity. 

Date  of 
analysis. 

Pllrwilf    . 

Henrv   "b 

Genetfeo.  r 

Ouneea. 
32 
20 
16 
24 
24 
8 
16 
22 
16 
20 
22 
18 
16 
16 
14 
10 
10 
18 
14 
24 
16 
38 
18 
38 
16 
16 
28 
16 
24 
16 
20 
14 
18 

21 

37 

44 

24 

36 

48 

16 

20 

10 

39 
52 
16 
16 
50 

32 

5 

21 

21 
30 
20 
42 
17 
17 
18 
32 
20 
40 
12 
26 

15 

PercenL 
12.9 

ia5 

12.1 
11.1 
12.1 
14.7 
11.7 
13.7 
15.2 
18.3 
16.6 
17.2 
19.0 
17.4 
18.9 
20.0 
17.7 
16.2 
14.7 
18.4 
18.9 
16.9 
15.9 
13.4 
16.5 
17.8 
16.6 
17.2 
19.1 
17.2 
16.4 
16.7 
14.8 

13.2 
8.1 
8.9 

12.4 

13.8 
9.5 

16.0 

11.5 
14.7 

9.9 
13.0 
13.0 
10.4 
12.4 

12.1 

19.0 

10.8 
15.2 
10.2 
13.1 
10.3 

9.7 
15.3 
12.3 
11.7 

9.5 
10.7 
12.2 

9.8 

13.3 

80.1 
70.2 
77.7 
76.1 

n.6 

84.0 
73.3 
74.6 
78.4 
85.9 
82.6 
81.2 

3753 
3754 
3755 
3756 
3757 
3758 
3759 
4408 
4409 
4410 
4413 
4414 
4415 
4416 
4417 
4418 
4419 
4420 
4421 
4427 
4428 
4429 
4430 
4431 
4432 
4434 
4435 
4436 
4137 
4438 
4439 
4440 
4441 

4442 

7224 

8007 

7173 

8026 

7970 

7129 

7146 
7228 

7095 
7151 
7235 
7246 
7289 

3737 

5719 

3725 
3726 
3727 
3728 
3729 
3730 
3731 
3732 
3/33 
3734 
37a5 
3738 
3739 

3779 

Oct.   31,1906 
Do. 

Do 

Do 

Do 

Do 

Do. 

Do 

Do 

Do 

Do. 

Do 

'withered.'.'! 

do 

do 

Do 

Do 

Do 

Nov.  26,1906 
Do 

Do 

Do. 

Do 

Do 

Do 

Do. 

Do 

Do 

Do 

Do. 

Do 



Do 

Do 

Do. 

Do 

Do. 

Do 

81.4 
76.6 
81.3 
82.9 
81.7 
82.4 
80.7 
81,7 

Do. 

Do 

Do. 

Do 

Withered... 

do 

do 

do 

do 

do 

Nov.  27,1906 

Do..:... ...:. 

Do 

Do 

Do. 

Do 

Do. 

Do 

Do. 

Do::.::.::.. 

Do. 

Do 

Do. 

Do 

86.1 
86.0 
86.3 
83.0 
80.0 
86.6 
76.3 

80.0 

64.8 

66.6 

76.8 

79.7 

70.0 

85.1 

74.0 
81.6 

70.7 
78.3 
79.1 
74.3 
76.1 

78.6 

90.4 

69.7 
81.3 
73.4 
83.2 
74.9 
70.9 
84.3 
78.0 
79.0 
7L8 
74.3 
74.2 
60.6 

74.6 

do 

do 

do 

do 

do...... 

do 

do 

do 

Good 

Withered . . . 

Good 

do 

....do 

do 

do 

do 

Good-large.. 
do 

Good 

do 

Good-large.. 

Do. 

Do 

Do. 

Do 

Do 

Do 

Do. 

Do 

Do. 

Do 

Do. 

Do 

Do. 

Lake    d 

Waukegan 

Nov.  31,1906 
Oct.   21,1909 
Nov.    2,1910 
Oct.     8,1909 
Nov.    9,1910 

Union    p 

ReynoldsTlUe 

Woodford    n 

Eureka 

Indtana 

Huntington    d 

Warren 

Newton   tD 

Goodland 

""'"^^ 

Oct.    27,1910 
Sept.  29,1909 

jowa       

Starke  ti 

North  Judaon 

Allamakee    cT 

Harpers  Ferry 

Oct.     3,1909 
Oct.    21,1909 

Fayette    d 

Sept.  20, 1909 
Oct.     3, 1909 

Do 

West  Union 

Do 

Oct.   23,1909 
Oct.    25,1909 
Oct.   30,1909 

Oct.   27,1906 

Oct.     8,1906 

Oct.   27,1906 
Do 

Clermont 

Jefferson    a 

Fairfield 

Lyon   "b 

Rock  Rapids 

Pak>Alto   t3 

Cylinder 

Fair 

Do 

Do 

Do. 

Do. 

Do 

Do. 

Do 

Do. 

Do ?.... 

Do. 

Do 

;*:*;■;; 

Do. 

Do 

Do. 

Do 

Do. 

Do 

Do. 

Osgood 

Do. 

Rwman . .      . ,   . 

Do. 

Polk    a 

RonneUs 

Nov.    9,1906 
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26  ANAX,YSE8  OP  SUGAK  BEETS,  1905  TO  1910. 

Sugar-beet  analyses^  made  in  the  Bureau  of  Chemistry — Continued. 


Comity  and  town. 

Analysis. 

Condition 
of  sample. 

Serial 
num- 
ber. 

State. 

Average 
weight. 

Sugar 

in 
Juk». 

Purity. 

Date  of 
analysis. 

Iowa 

Winneshiek    zt 
f>lTnAr 

Ounces. 
24 
48 
28 

24 
28 
32 
16 
28 
32 
28 
28 
24 

26 

24 
24 
12 
23 

•    12 
16 
33 
19 
11 
14 
9 

32 

Percent 
12.8 
8.2 
12.8 

13.7 
13.9 
14.0 
15.2 
16.8 
14.6 
14.4 
15.6 
14.7 

8.7 

14.6 
14.0 

n.7 

11.1 

&6 
9.5 
9.7 
12.6 
13.5 
7.7 
11.8 

15.0 

14.7 
9.2 

lao 

12.4 

ia7 

17.9 
19.3 

16.1 

9.5 

17.4 

17.6 
17.2 
13.5 
10.4 
17.6 
14.8 
16.6 

13.9 
16.4 
19.3 

2ao 

2a6 
22.2 
19.3 

lai 

16.6 

16.8 
16.4 
16.6 
15.2 
16.5 

14.5 
13.9 

73.5 
63.5 
81.0 

79.2 
78.5 
80.9 
81.3 
82.4 
80.7 
80.0 
78.8 
82.6 

67.4 

80.4 
80.5 
76.6 
70.6 

58.9 
63.3 
69.8 
77.8 
82.3 
64.7 
71.7 

80.2 

82.1 
71.9 
72.5 

70.4 

76.9 

74.0 
91.2 

82.1 

70.8 

79.8 

83.1 
87.6 
80.0 
83.1 
90.7 
81.1 
83.5 

77.6 

85.4 

83.5 
88.2 
85.1 
89.1 

Good 

do 

do 

7218 
7319 
7328 

3736 
4893 
4894 
4895 
4899 
4900 
4901 
4902 
4903 

5674 

4867 
4869 
4890 
5030 

5031 
5032 
5033 
5034 
5035 
5036 
5152 

5035 

5666 
5667 
5669 

8024 

5790 

7967 
7997 

7425 

7883 

3823 

8031 
8032 
8034 
8035 
8095 
T933 
8086 

7938 

7354 

4447 
4448 
4449 
4450 
4451 
4473 
4491 

4492 
4493 
4494 
4495 
4496 

4497 
4496 

Oct   21,1909 

PfKK>rah 

Nov.    4, 1909 

Ridgeway 

Nov.    8,1909 

Woodbury   -a 

Fallow     

Oct.   27,1905 

Sioux  City 

Do      

Oct.    24,1907 
Do. 

Do 

Do. 

Do       

Do. 

Do 

Do. 

Do 

Do. 

Do 

Do. 

Do 

Do. 

Kansas 

Chase   o- 

Khndal^  .  . 

Withered... 

Oct.     1.1906 

Chautauqua    q. 

Chautauqua 

Do 

Oct.    10,1907 

Do. 

Do 

Oct.   22,1907 

Do 

Slightly 
wilted. 

Wilted 

do 

do 

do 

do 

Withered... 

Nov.    7,1907 

Do 

Do. 

Do 

Do. 

Do 

Do. 

Do 

Do. 

Do 

Do. 

Peru 

Do. 

Chautauqua 

Finney   p 

Garden  City 

''"SU?>d 

Nov.  15,1907 

Fair 

Nov.    6,1908 

Oct     1,1908 
Do. 

do 

do 

do 

Good.. 

do 

Very  bad... 
Good  (dirty) 

Good 

do 

Wilted 

Good 

do 

do 

do 

.....do 

do 

do 

do 

Good 

Do 

Do 

Do. 

Marion    a 

Florence 

10 

26 

9 
2 

24 

6 

21 

6 
22 
8 
3 
17 
32 
11 

19 

19 

16 
16 
16 
16 
14 
18 
26 

22 
24 
16 
22 
26 

28 
20 

Nov.    8,1910 
Oct.    19, 1908 

Rice    a 
8t4«rlliTg. 

RusseU    d" 

RU38ell 

Oct.   24.1910 

Do 

Oct.   31,1910 

Wichita   -a 

Leoti 

Nov.  29,1909 

Louisiana 

Maryland 

Caddo   ^ 

Shreveport 

Frederidc  ^ 

Frederick 

Sept  27,1910 
Dec.   16,1905 

Garrett   ti 

Garrett 

Nov.    9,1910 

Do 

Do. 

Do 

Do. 

Do 

Do. 

Do 

Do. 

Do 

Oct    17,1910 

Michigan 

Mountain     Lake 
Park. 

Chevy  Chase 

Kalkaska    d 

South  Boardman. . 
Gratiot    D 

Ithaca 

Nov.    9,1910 

Oct    18,1910 
Nov.  10,1909 
Nov.    2,1906 

Do 

Do. 

Do            

Do. 

Do 

Do. 

Do             .  .. 

Do. 

Do 

84.7 
83.4 

85.7 
82.4 
79.4 
82.2 
8L7 

78.8 
76.8 

Nov.  19,1906 

Do 

Slightly 

moldy. 
Very  moldy. 

Good 

Moldy,  dry. 

Dry 

Shriveled 

and  moldy. 

Good 

do 

Dec.   15,1906 

Do    . 

Do. 

Do 

Do. 

Do 

Do. 

Do 

Do. 

Do 

Do. 

Do 

Do. 

Do 

Do. 
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Sugar-beet  cmtdyseSj  made  in  the  Bureau  of  Chemistry — Continued. 


state. 


Analysis. 


County  and  town. 


Average 
weight. 


Sugar 

in 
Joioe. 


Purity. 


Condition 
of  .sample. 


Serial 
num- 
ber. 


Date  of 
analysis. 


Michigan. 


Minnesota.. 
Mississippi. 


Missouri. 


Gratiot    d 
TthiK^ 

Ounce*. 
23 

Do 

26 

Lenawee    q 

Blissflem 

10 

Do 

10 

Do 

8 

Do 

10 

Do 

16 

Do 

10 

Do 

16 

Do 

16 

Do 

10 

Do. 

10 

Do 

24 

Do 

12 

Do 

20 

Do 

24 

Monroe     q. 

Dundff*. 

12 

Do 

20 

St.  Clair    D- 

MarineCity 

Do 

12 
24 

Do 

16 

Do!:: 

10 

Do 

12 

Do 

17 

Do 

21 

Tnsoola   o- 

Caro 

24 

gfagy^n 

Caro 

18 
16 

K^inMton . . 

24 

Eo 

22 

Do 

28 

Colling 

16 

Washtenaw     q, 

Manchester 

Ypsilanti 

16 
34 

U\Sn 

32 

Do 

26 

Do 

16 

Do 

22 

Beltrami    6 

Bemidjr. 

0 

Adams   a 

Natchet 

32 

Do 

26 

Clay   o- 

West  Point 

Linootai    p 

Brooktiaven 

Do 

10 
12 

Do 

6 

Do 

10 

Do 

20 

Barton   p 
T/AiPar 

2 

Carter    q. 

HUTitPr. 

11 

Hickory    d 

Qiiincy 

20 

'    Do    .. 

19 

HoweU    p 

Willow  Springs... 
Jasper   p 

Jasper 

8 
18 

McDonald    p 

Powell 

0 

Newton   p 

Seneca 

6 

Texas    p 

Houston 

6 

No  county. 

StLoois   o- 

Washington   o- 

Mineral  Point 

Wayne    a 

QadsHIU 

32 
6 

Percent. 
16.0 
17.3 
16.1 

1&3 
18.2 
18.8 
19.1 
10.8 
19.1 
18.4 
17.8 
18.5 
17.7 

9.8 
13.1 
16. 1 

8.4 

2a9 

17.7 

18.9 
19.0 
18.2 

2ao 

16.6 
17.1 
15.4 

17.1 
16.3 
14.7 
16.0 
22.2 
16.9 
17.2 

16.1 
13.5 
14.4 
14.1 
14.8 
18.0 

9.8 

1.3 
6.4 

13.0 

11.3 
12.0 
11.4 

lao 

9.7 
9.7 
7.0 
&9 

lao 

14.0 
12.0 

&2 
12.1 

0.8 
140 
143 

las 


82.0 
81.2 
81.7 

83.9 
82.7 
82.6 
83.8 
83.2 
847 
82.6 
81.3 
82.6 
847 
.7a3 
73.8 
8a5 
67.2 

92.5 
87.6 

86.7 
89.6 
86.3 
86.6 
81.6 
85.6 
82.7 

86.5 

8ai 

8a6 
82.6 
88.6 

84.9 
86.6 

85.8 
81.0 
82.1 
81.6 
83.6 
88.7 

66.6 

17.6 
43.8 

78.3 

76.4 
75.9 
76.1 
741 
72.7 

7a2 

63.6 

62.6 
69.3 

843 

77.3 

6&6 

76.0 

72.9 

8&2 

849 

6S.7 


Good.. 
...do. 
...do. 


Good. 


Good. 


do 

Bad,  rotten 

QoodV.V.*.!! 
Poor,  soft . . , 

Good 

do 

Poor,  small . 

Good 

Poor,  soft... 
Fair 

Good 

....do 

do 

Small 

Good 

Fair,  small.. 


4500 

4501 

3782 
3783 
3784 
3785 
3786 
3787 
3788 
3789 
3790 
3791 
3795 
3796 
3797 
3799 

3821 
3822 

3772 
3773 
3774 
3776 
4424 
4480 
4481 

4377 


4391 
4392 
4394 
7119 

3816 
4382 

4484 
4486 
4894 


7994 

7072 
7073 

5658 

7002 
7114 
7130 
7193 
7895 

7108 

7932 

7131 
7232 

5791 

7860 

7918 

7177 

7891 

eoii 

7120 
6667 


Dec  12,1906 

Do. 
Dec.  15,1906 

Nov.  14,1906 

Do. 

Do. 

Do. 

Do. 

Do. 

Do. 

Do. 

Do. 

Do. 
Nov.  16,1905 

Do. 

Do. 

Do. 

Dec.    9, 1906 
Do. 

Nov.    6,1906 

Do. 
Nov.    4,19C5 

Do. 
Nov.    9,1906 
Nov.  23, 1900 

Do. 

Sept  29, 1906 
Oct.  20,1906 
Oct.  30,1906 
Oct.   27,1906 

Do. 

Do. 
S6pt.28,1909 

Dec.  1,1906 
Oct  11.1906 
Nov.  26,1906 

Do. 
Oct   24,1907 
Nov.    6,1907 

Oct.   29,1910 

Aug.  23,1909 
Do. 

Sept  29,1906 

Sept  20, 1900 
Sept  27, 1909 
Sept  30.1909 
Oct  14,1909 
Oct     7, 1910 

Sept  21,1909 

Oct   17,1910 

Sept.  30, 1909 
Oct   22,1909 

Oct   19,1908 

Sept  26, 1910 

Oct   11,1910 

Oct     9,1909 

Oct     8,1910 

No^  14,1906 

Sept  28,1909 

Sept  28,1906 
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28  ANALYSES  OF   SUGAR  BEETS,  1905  TO  1910. 

Sugar-beet  analyses,  made  in  the  Bureau  of  Chemistry — Continued. 


state. 


County  and  town. 


Analysis. 


Average 
weight. 


Sugar 

in 
Juioe. 


Purity. 


Condition 
of  sample. 


Serial 
num- 
ber. 


Date  of 
analysis. 


Montana.. 


Nebraska. 


Nevada.. 


New  Jersey.. 
New  Mexico. 


Fereus    d 

Moore 

Lewis  and  Clark    d 

Augusta 

Yellowstone    Q 

Billings 

Boyd    6 

Butte 

Johnson    q. 

Cook 

Lancaster    o- 

Havelock 

Lincoln   -a 

North  Platte 

Do 

Do 

ScottsBlufI   -a 

Morrill 

Do 

Do 

Churchill   -a 

Fallon 

Hazen 

Fallon 

Do 

Do 

Do 

Do 

Do 

Do 

Do 

Do 

Do 

Do 

Do 

Do 

Do 

Do 

Hazen 

Hudson    cf 

Bayonne 

Chaves    o- 

Roswell 

Do 

Do 

Do 

Colfox    d 

Cimarron 

Do 

Do 

Curry    o 

Texico 

St.  Vraln 

Eddy    n 

Artesia 

Lincoha    p 

Carrizozo.. 

Mora    d* 

LaCueva 

Do 

Do 

Do 

Do 

Do 


Ounce$, 
22 

24 

5 

18 


"n-i 


Wagon  Mound... 
Quay    o- 

NaraViaa.. 

Roosevelt    o 

Portales 

Claudell 


Upton 

Efida.... 

Portales.. 


18 


PereenL 
1&6 

la? 

16. 0 

0.2 

lai 

12.0 

9.5 
9.9 
9.2 

15i9 
18.7 
1&3 

l&S 
18.3 
17.9 
l&O 
17.4 
1&4 
16.1 
16.7 

ia7 

19.5 
1&9 
20.3 
19.0 
21.0 

2ao 

19.6 
19.6 
16.6 

8.3 

las 

19.2 
2a4 

17.7 

17.5 
16.1 
16.0 

19.7 
19.1 

9.5 

1&5 

ia7 

1&2 
22.3 
21.7 
17.0 
1&8 
12.0 
17.5 
1&6 

ia7 

16.2 
20.9 
18.5 
19.4 
10.9 


84.8 
7a8 
87.4 
67.2 


Good... 

do.. 

do. 

do. 


mf, 

Fair 

71.4 
60.8 

Good 

Fair 

69.2 

6ai 

844 
85wO 

do 

do 

Good 

Fah- 

82.5 

91.7 
87.1 
844 

Good 

do 

do 

Fair 

82.8 
83.2 

Good 

Fair 

83.2 
83.6 
81.0 
842 
80.0 
87.5 
91.4 

9ao 

92.5 
9a5 
89.5 
89.5 
82.6 

63.5 

Good 

do 

do 

do 

do 

do 

do 

do 

do 

do 

do 

do 

do 

Fair 

87.3 

842 

86.4 

81.6 

8a4 
8f.l 

Wflted 

Fair 

8&1 

92.1 
86.0 

Good 

do 

Fair 

75.4 
87.2 

Red,80ft.... 

849 

8a9 

86.9 

86.9 

7a7 

846 

Good 

Fair 

73.9 
8&9 
82.5 

Good 

do 

do 

82.3 
88.6 

Fair*.!!!!!!!! 

88.5 
95.1 

Poor 

Fair 

72.6 

Good 

8043 

7321 

7899 

5732 

5671 

7326 

5951 
5952 
5953 

7293 
7424 
7426 

5809 
5949 
5992 
6004 
6022 
7148 
7188 
7277 
7278 
7279 
7280 
7281 
7282 
7283 
7284 
7285 
7286 
7394 

7091 

4619 
4620 
4621 


5207 
5690 
5703 

5946 
5948 

5795 

5255 

5048 
5049 
5238 
5239 
6033 
6062 
7187 
rJ23 
7353 

6042 

4386 
5779 
5815 
5838 
7153 


NOY.  14,1910 

Nov.    4,1900 

Oct     8,1910 

Oct     9,1908 

Oct     1,1908 

Nov.    8,1909 

Nov.    9,1908 
Do. 
Da 

Nov.    1,1909 

Nov.  29,1909 

Da 


Oct 
Nov. 
Nov. 
Nov. 
Nov. 
Oct 
Oct 
Oct 


23,1908 
7,1908 
10,1908 
12,1908 
17,1908 
3,1909 
12,1909 
29,1909 

Da 

Da 

Da 

Da 

Da 

Do. 

Da 

Da 

Da 
Nov.  19,1909 

Sept  20,1909 

Jan.   16.1907 
Da 
Da 
Da 

Nov.  29,1907 
Oct  3, 1908 
Oct     5,1908 

Nov.    7,1907 
Do. 

Oct    19,1906 

Dec.  30,1907 

Nov.    8,1907 

Do. 
Dec.  13,1907 

Da 
Not.  20,1906 
Dec.  28,1908 
Oct  12,1909 
Nov.  4,1909 
Nov.    9,1909 

Nov.  23,1908 


Oct 
Oct 
Oct 
Oct 
Oct 


12.1906 
17,1908 
26,1908 
27.1908 
5,1909 
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DETAILED  ANALYTICAL  DATA.  29 

Sugar-beet  analyses ^  made  in  the  Bureau  of  Chemistry — Continued. 


• 

County  and  town. 

Analysis. 

Condition 
of  sample. 

state. 

Average 
weight. 

Sugar 

in 
juice. 

Purity. 

Ncwllexloo.... 

SanMigoel    o- 

East  Las  Vegas... 
Do 

Ounces. 
18 
36 
12 
60 
16 
46 
10 
22 
15 
8 
4 

16 
22 
32 
56 
17 

24 
9 
34 
32 
11 
15 
17 
35 
13 
12 
13 
30 
11 
13 
52 
19 
16 
27 
35 
16 

24 

22 

28 
19 
18 
24 
24 
12 
11 
10 
12 
18 
20 
33 
20 
17 
16 
29 
64 
4 
24 
24 

4 
12 
16 

9 

12 
8 

PereenL 
15.7 
18.2 
20.6 
18.3 
18.7 
13.6 
20.8 
18.1 
22.2 
22.1 
11.9 

14.3 
10.0 
13.6 
14.8 
16.8 

16.7 
16.9 
17.1 
16.1 
15.6 
15.7 
16.5 
16.0 
13.8 
19.5 
17.4 
15.7 
14.2 
18.2 
10.5 
17.0 
21.5 
15.9 
11.9 
21.9 

12.9 

17.0 

17.3 
17.4 
18.7 
15.7 
17.6 
16.9 
18.5 
17.3 
16.0 
16.5 
11.0 
13.2 
16.0 
15.0 
19.8 
13.2 
16.5 
13.5 
16.9 
16.6 

22.0 
17.0 
16.3 
14.6 

13.3 

16.7 

78.5 
79.8 
90.4 
78.5 
81.3 
70.6 
88.8 
80.4 
90.2 

■"76."6* 

85.6 
80.6 
77.3 
77.3 
77.0 

83.5 
86.2 
86.3 
83.0 
83.9 
86.7 
89.2 
84.6 
80.0 
85.9 
87.8 
85.3 
82.5 
91.0 
71.9 
85.0 
95.1 
91.0 
84.3 

Las  Vegas. 

Do 

Rociada. 

San  Jose 

Las  Vegas 

East  Las  Vegas... 
Do 

■  Withered*.'.'. 
Withered, 

small. 
Fair 

Las  Vegas. 

Do 

East  Las  Vegas... 

Los  Alamos 

East  Las  Vegas... 
Las  Vegas 

Poor 

Good 

do 

Withered... 

Fair 

Do 

Santa  Fe    d 

Otto 

Do 

SmaU 

Fair 

Do 

RtAnl<«y  . 

Good 

do 

do 

do 

do 

Fair 

Otto 

Stanley 

Otto 

Hyer 

Otto 

Hyer 

Good 

do 

do 

do 

Fair 

Otto 

Do 

Stanley 

Do 

Otto 

Good 

Fair 

Stanley 

Do 

do 

Good 

do 

Do 

Otto V... 

Rtftnley... 

Sierra   p 

Arrey 

72.5 

73.8 

84.0 
80.2 
85.0 
86.2 
85.4 
84.5 
81.0 
88.3 
94.7 
83.4 
72.6 
81.6 
82.8 
80.2 
73.0 
83.5 
80.4 
85.4 
78.2 
80.0 

93.6 
86.2 
86.2 
75.6 

80.0 

86.9 

Soft 

Taos    b 

Taos 

Withered... 

"wuh^idV;. 
Fair 

Torrance    d 

Moriarty 

Do 

Do 

Mcintosh 

Good 

do 

do 

do 

do 

do 

Fair 

Moriarty 

Do 

Do 

Do 

Do 

Do 

Eirtanc'a. 

do 

Good 

do 

do 

Fair 

Do 

Moriarty 

Do 

Do 

Do 

Good....*... 

do 

Very  small.. 
Fair. 

Do 

Do 

Do 

Do 

do 

Very  small.. 

Good 

do 

do 

do 

do 

Union    tf 

Amistad 

Cla3rton 

Do 

Do 

New  York 

Erie   -a 

Buffalo 

Brooklyn 

Serial 

Date  of 

ber. 

analysis. 

4906 

Oct.  28,1907 

6058 

Nov.    8,1907 

5079 

Nov.  11,1907 

6060 

Do. 

5081 

Do. 

5062 

Do. 

5085 

Nov.  12,1907 

6149 

Nov.  14,1907 

5206 

Nov.  25,1907 

5240 

Dec.  13,1907 

5241 

Do. 

6062 

Nov.  24,1908 

6056 

Do. 

7248 

Oct.   26.1909 

7395 

Nov.  19.1909 

8156 

Dec.     8,1910 

5688 

Oct.     3,1908 

6696 

Oct.     5,1906 

5698 

Do. 

6699 

Do. 

6701 

Do. 

6704 

Do. 

6706 

Oct.     6,1908 

6707 

Do. 

5709 

Do. 

6713 

Do. 

6720 

Oct.     8,1908 

6726 

Oct.     9,1906 

5730 

Do. 

5733 

Do. 

5762 

Oct.    12.1908 

6783 

Oct.    17,1908 

6784 

Do. 

6800 

Oct.   20.1908 

6808 

Oct.   23,1906 

6934 

Nov.    6,1908 

7231 

Oct.   22,1909 

4464 

Nov.  14,1906 

5676 

Oct.     2,1908 

6676 

Do. 

5689 

Oct.     3.1908 

6696 

Oct.     5, 1906 

5697 

Do. 

6710 

Oct.     6,1908 

6727 

Oct.     9,1908 

6731 

Do. 

6742 

Oct    12,1908 

6746 

Do. 

6747 

Do. 

6749 

Do. 

5760 

Oct:   13,1908 

5754 

Oct.   12,1908 

6772 

Oct.    15.1908 

6793 

Oct    19,1908 

5796 

Do. 

5812 

Oct   24,1908 

5901 

Nov.    4.1908 

6903 

Do. 

5839 

Oct   28.1908 

7195 

Oct    15,1909 

7202 

Oct   19,1909 

7221 

Oct   21,1909 

8008 

Nov.    2,1910 

7862 

Sept  26,1910 
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Sugar-beet  analyses,  Tnade  in  the  Bureau  of  Chemistry — Continued. 


state. 


County  and  town. 


Analysis. 


Averafe 
weight. 


8^ 
Jnloe. 


Purity, 


Condition 
of  sample. 


Ser&l 
num- 
ber. 


Date  of 
analysis. 


North  Carolina 


North  Dakota.. 


Ohio. 


Ashe   t3 

Riverside 

Beaufort    o- 

Washington.... 

Do 

Aurora , 

Washington.... 

Do 

Bimcombe   -a 

AsheviUe 

Davie   -n 

Advam« 

Guilford    6 

Julian 

Haywood    p 

Canton 

Moore    a 

Carthaf^ 

Robeson    p 

Maxton 

Do 

Watauga    tl 

Sands 

Barnes    q. 

Valley  City..., 
Cavalier    cf 

Sarles 

Sargent    a 

Cogswell 

Richland    q. 

Great  Bond . . . . 

Do 

Do 

Do 

Do 

Do 

Walsh    cr 

Grafton 

Wells    D 

Hurdsfleld 

Do 

Do 

Do 

Do 

Do 

Do 

Brown    p 

Ripley 

Columbiana    ti 

East  Liverpool, 
Guernsey    o- 

BlrdsRun 

Hocking    g 

l'0<;an 

ICarion    d 

Marion 

Ottawa    b 

Oak  Harbor.... 
Paulding   Id 

Paulding 

4)o.. 

Do 

Havlland , 

Do 

Do 

Do 

Do 

Do 

Do 

Do 

Do 

Do 

Do 

Broughton 

Haviland 

Van  Wert    tl 

Scott , 

Do 

Williams   ti 
Bryan 


Ounce*. 
24 

16 
16 
7 

36 
16 


11 
12 
24  I 
17 
10  j 
20 
15  ! 

10  ' 

24 


PercefO, 
15.0 

16.4 
14.0 

9.5 
11.6 

7.8 

16.2 
11.0 
11.8 
14.2 


12.5 


17.6 

14.8 

14.8 

9.0 

11.4 
11.5 
11.3 
12.6 
14.7 
18.9 

15.7 

18.0 
14.3 
16.2 
16.6 
16.0 
16.1 
8.2 

10.0 

10.4 

14.6 

16.8 

15.9 

17.6 

17.9 
16.0 
16.8 
21.2 
21.0 
19.4 
19.3 
16.8 
17.9 
18.4 
19.8 
19.8 
17.2 
16.9 
21.0 
21.7 

19.4 
17.0 

16.9 


80.2 

87.7 
83.3 
76.5 
75.3 
70.0 

84.8 

78.5 

82.5 

82.7 

85.1 

83.3 
68.1 

86.5 

76.7 

80.8 

67.0 

68.8 
68.2 
73.9 
67.2 
78.4 
86.7 

83.0 

82.2 
80.3 
85.7 
86.5 
94.1 
90.9 
65.5 

73.0 

60.3 

80.6 

84.6 

85.8 

84.9 

82.6 
78.8 
78.9 
88.0 
86.4 
89.8 
89.8 
88.2 
90.4 
89.3 
90. 8 
91.7 
88.2 
89.2 
81.6 
82.2 

87.4 
85.6 

83.3 


Good 

WUted 

....do 

Good'.'..'."!!! 
Small 

Poor,  small 

Good 

....do 

Wilted 

Good 

....do 

....do 

....do 


Good. 


Fair 

Good 

....do 

....do 

Fair 

Hard 

Poor 


Fair.... 
Good... 
....do.. 
....do.. 
Fair.... 


Dry.  wiltfid 
Badly  wilted 


Wilted 

Very  dry... 

Digitized 


7322 

4864 
4865 
4885 

5620 
5655 


7107 

4879 

7974 

7144 

4866 
4868 

7204 

7992 

8000 

7891 

3723 
8724 
3749 
3750 
3751 
3752 

7905 

5687 
5794 
5799 
5816 
5842 
5931 
5954 

6072 

7919 

8014 

7154 

7233 

4490 

4407 
4422 
4423 

4905 
4906 
4907 
5050 
5051 
5052 
5053 
5054 
5a'>5 
5056 
5057 
5158 
5160 

5159 
5211 


Nov.    4.1909 

Oct    10,1907 

Do. 
Oct   15,1907 
July  31,1908 
Sept  26,1908 

Oct   30,1907 

Sept  21,1909 

Oct.    14,1907 

Oct.   28,1910 

Oct     3,1909 

Oct.    10.1907 
Do. 

Oct.    19.1909 

Oct    29.1910 

Nov.    1,1910 

Sept  30,1910 

Oct   18,1905 

Do. 
Oct.   31,1905 

Do. 

Do. 

Do. 

Oct.   29,1910 

Oct  3.1908 
Oct  19.1908 
Oct.  20.1908 
Oct.  26,1908 
Oct  27,1908 
Nov.  5,1908 
Nov.    9,1908 

Dec.     9,1906 

Oct.    12,1910 

Nov.    3,1910 

Oct     6,1909 

Oct    23,1909 

Dec.   12,1906 

Oct  27,1906 
Nov.    9,1906 

Do. 
Oct   28.1907 

Do. 

Do. 
Nov.    8,1907 

Do. 

Do. 

Do. 

Do. 

Do. 

Do. 

Do. 
Nov.  20.1907 
Nov.  22.1907 

Do. 
Dec.     2,1907 

4617    Jan.     9,1906 
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31 


Analysis. 

Conditloa 
of  sample. 

Serial 
num- 
ber. 

State.         '     County  and  town. 

1 

1 

Average 
weight. 

Sugar 

In 
juice. 

Purity. 

Date  of 
analysis. 

Oklahoma 

Beaver    ti 

Florls 

Ounces, 

48 
26 
20 
34 
11 
8 
7 
10 
6 
20 

24 

13 

7 

22 

24 
9 

15 
10 

14.2 
l&l 
15w5 
14.1 
1&7 
17.4 
l&O 
17.6 

ia4 

12.9 

ILO 

1&2 

1L6 

14.9 
1&6 

12.7 
&8 

1L5 

lai 
ia6 

14.0 

ia9 

&2 
13.2 

&5 

1L9 
1&5 

13.4 

2a8 

17.0 
13.0 

2L9 
1&7 
1&5 
2a6 
16k  5 
1&3 
1&3 
14.5 
14.5 
14.5 
l&O 

ia8 

19l3 

ia3 

2a4 

ia4 

17.3 
15.9 

ia5 

l&O 

ia5 

12.8 
14.9 

ia9 
ia3 
lai 

17.5 

86.6 
79.7 
79ll 
8L5 
8a6 
83.9 
846 
74.2 
7a5 
77.6 

9L9 

6a7 

7a2 

7a6 

8L6 
89L8 

9L3 

5ao 
7ai 

7Z7 
7&8 
'  8a7 
7L2 
5a8 
77.0 

64.9 

74.4 
83.5 

7a8 

8L1 

85.0 
7^9 

92.0 
77.7 
79L6 
9a7 
86.8 
81.0 

7ao 
7a  0 
8a8 

77.1 
87.9 
87.8 
87.7 
8a8 
8a7 
74.7 
7a  1 
74.7 

8ao 

82.0 
8a3 

67.9 

81.4 

84.0 

7L5 

79.7 
91.6 

Fair 

Good 

Fair 

do 

do 

do 

Good 

do 

do 

Fair 

Good 

do 

Fair 

Good 

do 

do 

Good,  soft... 
do 

5849 
6008 
6012 
6014 
6019 
6035 
7201 
7209 
7392 
8160 

7327 

7427 

7100 

7861 

7836 
8020 

7106 
7185 

5668 

7094 
7113 
7115 
7117 
7152 
7184 

7229 

4887 
7199 

5150 

5237 

3704 
3705 

5037 
5083 
5210 
6748 
5775 
6015 
8029 
7896 
7897 
7969 
8009 
8011 
8012 
8013 
8015 
8016 
8027 
8028 
8041 
8042 
8048 

4446 

7181 

5665 

5661 

5208 
5717 

Oct.  31,1908 

Nov.  12,1908 

Nov.  14, 1906 

Da 

Do 

Do 

Do 

Do 

Nov.  16,1908 

Nov.  20,1908 

Oct.    19,1909 

Da 

Do 

Do .' 

Do 

Do 

Nov.  19,1909 
Dec.  13,1910 

Nov.    8,1909 

Nov.  29, 1909 

Sept.  24,1909 

Sept.  26, 1910 

Sept.  19,1910 
Nov.    8,1910 

Sept.  21, 1909 
Oct.    12,1909 

Oct      1, 1906 

Dp 

Carter    g 

Ardmore 

Comanche   p 

Chattanooga 

Harmon    p 

Vinson 
Kiowa   p 

Mountain  Park... 
Swanscm   p 

Snyder 

Do 

Mcintosh    o 

Grayson 

Muskogee   o- 

Bragss 

^..:. 

19 
26 
12 
16 
32 
2 

16 

26 
4 

26 

20 

16 
16 

32 
15 
30 
16 
10 
24 
37 
18 
10 
32 
16 
16 
13 
13 
16 
26 
35 
28 
12 
24 
20 

82 

12 

Good 

do 

do 

Fair 

do 

Fair,  small.. 

do 

Sept  20,1909 

Sept.  27, 1909 

Da 

Do 

Wybark 

BrafEgs 

Sept  28,1909 
Oct.     6, 1909 
Oct.    11,1909 

Oct.   21,1909 

Oct.    18,1907 
Oct.    16,1909 

Nov.  15.1907 

Dec    11, 1907 

^.:::: 

Council  Hill 

Okfuskee    d 

Castle 

RogerMills   -a 

McArthur 

Grimes 

Good 

Washita   p 

Port 

Woods   b 

Alva 

Dry..  .. 

Or^vxi 

Crook    a 
Tnmalo 

Very  dry.... 

Oct.    12,1905 
Oct.    16,1906 

Nov.    8,1907 
Nov.  11  1907 

Do 

Klamath    Q 

Klamath  Falls. . 
Do... 

WUted 

MerrlU 

Klamath  Fails 
Do 

Dec.     2, 1907 

Fair 

do 

do 

Withered... 

Good 

do 

Bad 

Good 

do 

do 

do 

do 

do 

Withered... 
do 

Good 

do 

do 

Withered... 

Good 

Fair 

Small 

Oct.    12,1908 
Oct.    17,1908 
Nov.  14,1908 
Nov.    9,1910 
Oct.     7, 1910 
Oct.     8, 1910 
Oct.   27,1910 
Nov.    3,1910 
•   Da 
Da 

Do 

Do 

Merrill.. 

Do 

Do 

Do 

Do 

Do 

Do 

Da 
Da 
Da 

Do 

Do 

Do 

Nov.    9,1910 

Da 
Nov.  14,1910 

Da 
Nov.  19,1910 

Nov.  30. 1906 

Oct.    11,1909 

Oct.      1, 1908 

Sept.  30, 1908 

Dec.    2,1907 
Oct.     7,1908 

Do.  ... 

Do 

Do 

Do 

Lincoln   -a 

Elk  City 

Pennsylyania... 

Center    a 

State  College 

Lancaster    q. 

Manhelm 

Philadelphia    r 
Philadelphia 



Potter    6 

Ulysses 

3 
18 

Do 

Good'.....'."; 

Digitized  by 


Google 
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Sugar-beet  analyses,  made  in  the  Bureau  of  Chemistry — Continued. 


County  and  town. 

Analysis. 

Condition 
of  sample. 

Serial 
num- 
ber. 

Date  of 
analysis. 

state. 

Average 
weight. 

Sugar 

in 
juice. 

Purity. 

South  Dakota.. 

Butte   t3 

Vale 

Ounces. 
16 

14 

12 
6 
17 
22 

19 

24 

21 

16 
12 

21 
20 

7 
40 

4 
9 

22 

22 

19 

60 
10 

36 

20 

6 

18 

24 

12 
16 
12 
19 
12 
26 
16 
16 
16 

16 

44 

32 
31 
25 

20 
36 

20 
12 
28 
28 
16 
13 

16 
20 
40 
40 
26 
16 

Percent. 

lao 

1ft  6 

8.7 
11.9 

8.7 
13.8 

7.6 

10.8 

13.6 

10.1 
10.9 

8.0 
9.3 
10.2 
6.9 

13.9 
14.7 

6.9 

15.4 

13.1 

12.8 
13.3 
12.8 
13.2 
14.0 

8.3 

16.9 

13.0 

14.2 

13.9 
13.0 
14.0 
15.3 
16.5 
12.0 
14.2 
12.6 
15.4 

3.0 

10.3 
13.8 
16.5 
12.6 

12.2 
11.4 

17.8 
14.2 
16.2 
17.3 
13.4 
11.6 

10.0 
7.9 
11.9 
16.3 
16.3 
14.2 

75.3 

83.7 

69.6 
77.1 
66.4 
76.7 

62.2 

76.6 

81.7 

73.7 
76.2 

61.6 
73.2 
71.3 
60.0 

83.2 
85.6 

47.2 

84.2 

74.0 

76.4 
74.5 
71.5 
73.3 
80.6 

64.9 

Pithy 

Very  soft.... 
Fair 

4903 

7428 

7096 
7222 
7247 
7429 

7088 

7172 

7236 

7118 
7288 

7090 
7093 
7393 
7999 

7069 
7886 

7205 

7902 

6038 

3706 
3707 
3708 
3710 
6233 

8023 

6043 

6037 

3712 

3713 
3714 
3716 
6028 
6010 
7182 
7183 
7273 
7291 

5084 

3709 
4444 

4466 
5153 

6039 
6040 

7864 
7872 
7873 
7874 
7890 
7941 

3721 
3722 
4375 
4379 
4446 
6860 

edbyV. 

Oct.  24,1907 

Stanley    n 

PhlUp 

Nov.  30,1909 

Tennessee 

Coffee    D 

Tullahoma 

Do 

Sept.  21,1909 
Oct.   21,1909 

Good 

do 

Fair 

Do 

Oct.   26,1909 

Do 

Nov.  30, 1909 
Sept.  16,1909 
Oct.     8, 1909 

Dickson    A 

Tennessee  City 

Franklin    g 

Winchester 

Grainger    cT 

Rutledge  . 

Good 

Fair 

Good 

do 

Fair 

Oct.   23,1909 

Hamblen    cT 

Morristown 

Do 

Sept  28, 1909 
Oct.   30,1909 

Sept.  20,1909 
Do. 

Hickman    a 

Vernon 

Poor 

Good 

do 

do 

Fair 

Good 

Fair... 

Do 

Do 

Nov.  19,1909 

Do 

Oct.   31,1910 

Humphreys    a 
MoEwen.    . 

Sept.  17,1909 

Do 

Oct.     4,1910 

Warren    n 

McHfinnville 

Armstrong    tl 

Goodnight 

Oct.    19,1909 

Good 

do :. 

Oct     8,1910 

Nov.  20,1908 

Oct    16,1905 
Do. 

Brown    d 

Carson   ti 

Groom 

Do 

Do 

Do. 

Do 

Do. 

Do 

Cass    ti 
Avinger. 

Dec   10,1907 
Nov.    8,1910 
Nov.  23,1908 

Good 

Castro   ti 

Summerfleld 

Comanche    a 

Comanche. . . 

77.4 

81.6 

79.1 
73.6 
79.3 
81.2 
86.0 

Soft 

Nov.  20,1908 

Dallam   tl 
Dalhart . 

Small,  very 

dry. 
Very  dry — 
Dry 

Oct.    18,1906 
Do. 

Do 

Do 

Do. 

Do    . 

do 

Do. 

Do 

Nov.    7,1907 

Do 

Good 

Nov.  13,1908 

Texline 

71.4  ! do 

77.1  1 do 

Oct    11,1909 

Do 

Do. 

Do 

70.5 
79.6 

35.7 

70.3 
74.6 
77.4 
73.3 

70.1 
72.1 

82.9 
80.8 
80.7 
84.7 
70.6 
75.5 

70.2 
58.6 
77.8 
82.9 
74.7 
83.6 

do 

do 

Oct.   28,1909 

Do 

Nov.    1, 1909 

Dallas    cf 

Dallas 

Nov.  11,1907 

Donley    tl 

Jericho 

Oct    16,1905 

Do. 

Nov.  31,1906 

Clarendon 

Nov.  14,1906 
Nov.  19,1907 

Nov.  20,1908 
Do. 

Do 

Erath    b 

Stephen  ville 

Dublin.. 



Fair... 

do 

do 

Good 

do 

do 

do 

do 

Very  dry 

do 

Fannin    d* 

Honey  Grove 

Do 

Sept  27,1910 

Oct.     1, 1910 

Sept  30,1910 

Do. 

Do 

Do 

Do 

Oct     3.1910 

Do 

Oct    19,1910 

Oct    18,1905 
Do. 

Gray    tl 

McLean 

Do 

Do 

Sept  26,1906 
Oct     8,1906 
Nov.  31,1906 
Oct   31,1908 

^ooQle 

Do    

Do 

Do 

Fair 

Digitiz 
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County  and  town. 

Analysis. 

Condition 
of  sample. 

Serial 
num- 
ber. 

StataL 

Average 
weight. 

Sugar 

in 
juice. 

Purity. 

Date  of 
analysis. 

Hamilton    a 

Hico 

Ouncet. 
36 

7 

20 
12 
20 
20 
32 
33 
30 

11 

16 

10 

16 

28 
6 

83 

40 
36 
36 
32 
24 
16 
28 
32 
16 
21 
27 
7 
6 
27 
19 
10 
16 
16 
18 
16 
16 
18 
16 
16 
16 
10 
13 
13 
10 
10 
16 
10 
13 
16 
16 

25 

18 

12 

32 
48 
11 
16 
32 

16 
U 

5 
13 

PercenL 
13.3 

10.7 
13.6 
7.6 
13.6 
13.0 
11.5 
17.9 
14.3 

12.2 

18.0 

10.6 

16.5 

13.8 
18.7 

8.3 

11.1 
16.7 
17.0 
12.8 
11.3 
16.3 
16.0 

ia3 

11.2 
16.7 
15.4 
16.5 
20.1 
13.1 
14.4 
14.3 
14.9 
15.6 
15.8 
15.3 
16.4 
15.5 
17.5 
17.9 
18.4 
18.2 
16.4 
17.0 
17.4 
18.1 
16.8 
17.4 
17.7 
16.7 
16.7 

15.7 

16.4 

14.0 

9.9 
13.1 
15.6 
16.5 
14.2 

16.3 
16.0 

5.0 
10.4 

79.3 

72.3 
78.6 
60.0 
76.8 
73.0 
69.3 
79.4 
72.9 

77.2 

86.5 

66.1 

83.3 

72.2 
89.5 

53.2 

70.0 
82.8 
82.1 
78.8 
76.0 
84.0 
83.1 
87.7 
76.2 
81.8 
73.2 
80.5 
85.5 
76.7 
81.8 
75.2 
77.2 
78.7 
78.6 
79.2 
79.2 
79.0 
81.3 
83.2 
84.0 
78.1 
77.0 
79.5 
77.2 
79.4 
75.9 
80.2 
77.6 
77.7 
79.1 

89.2 

75.2 

79.1 

75.6 
82.3 
81.2 
80.0 
79.3 

74.0 
74.3 

51.0 
09.8 

Good 

8022 

3716 
3717 
3718 
3719 
3720 
4395 
4443 
4453 

6018 

6061 

7922 

6069 

4387 
7324 

7040 

3741 
3742 
3743 
3744 
3745 
3746 
3747 
3748 
4380 
4463 
4884 
4937 
4938 
5050 
5094 
7356 
7357 
7358 
7350 
7360 
7361 
7362 
7363 
7364 
73(i5 
7366 
7367 
7368 
7369 
7370 
7371 
7372 
7373 
7374 
7375 

5744 

6077 

6065 

6680 
5081 
6777 
6987 
6028 

4502 
4503 

5720 
6036 

Nov.    8,1910 

Oct.   18,1905 
Do. 

Hartley    b 

ChannlniT 

Do..  

Very  dry.... 

do 

do 

do 

Withered... 

do 

do 

Fair 

Do 

Do 

Do 

Do. 

Do 

Do 

Hartley 

Oct.    27.1906 

Channfng 

Nov.  31,1906 

Do.  7. 

Nov.    5,1906 
Nov.  16,1908 
Nov.  24,1906 

Hunt    ti 

Cash 

Jeff  Davis   -a 

Valentine 

do 

do 

do 

Kaufman    d* 

Terrell 

Oct.    14,1910 

Dec.     6,1908 

Oct.   19,1906 
Nov.    4,1909 

July   26,1900 

Oct.   31,1906 
Do. 

Oldham   t3 

WUdorado 

Panner   t3 

Bovina 

Do  ..  . 

Good 

Fair 

Polk    D- 

Potter   ti 

AfTiAiiflo 

Do 

Do 

Do. 

Do 

Do. 

Do 

Do. 

Do 

Do. 

Do 

Do. 

Do 

Do. 

Do 

Oct.     8,1906 
Nov.  13,1906 

Do 

Do 

Oct.    15.1907 

Do 

Healthy 

do 

Oct.   31,1907 

Do 

Do. 

Do 

Nov.    9,1907 
Nov.  10,1908 

Do 

Good 

do 

do 

do 

do 

do 

do 

do 

do 

do 

do 

do 

do 

do 

do 

do 

do 

do 

do 

do 

do 

do 

Fair 

Do 

Nov.  16,1909 
Do. 

Do 

Do 

Do. 

Do 

Do. 

Do 

Do. 

Do 

Do. 

Do 

Do. 

Do 

Do. 

Do 

Do. 

Do 

Do. 

Do 

Do. 

Do 

Do. 

Do 

Do. 

Do 

Do. 

Do 

Do. 

Do 

Do. 

Do 

Do. 

Do 

Do. 

Do 

Do. 

Do 

Do. 

Randall   ti 

Canyon 

Oct.   12,1908 

Reeves   -a 

Dec.  28,1908 

Runnels    a 

BalUneer.      ..  . 

Fair..       .  . 

Nov.  24,1908 

Oct.     2,1908 
Do. 

Scurry   "d 

Hermleigh 

Do 

Poor 

Dry 

Do 

Oct.    17,1908 

Pyron. 

Fafr 

do 

WUted 

do 

Small, soggy. 
Fair 

Nov.  10,1908 

winiftATY 

Nov.  17,1908 

Sherman   ti 

Stratford 

Dec.  28,1906 
Do. 

Do        

Tarrant     b 

Keller. 

Oct.     9,1908 

Fort  Worth 

Nov.  20,1908 
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County  and  town. 

Analysis. 

Condition 
of  sample. 

Serial 
num- 
ber. 

State. 

Average 
weight. 

Sugar 

in 
juice. 

Purity. 

Date  Of 
analysis. 

Texas 

VanZandt    cT 
Canton 

Ounces. 
16 

66 

16 

32 
32 
20 
16 

9 
9 
6 
8 

13 
24 
36 
13 
24 
24 
18 
16 
22 
52 

35 
20 

16 
16 
21 
33 
27 
23 
20 
8 

16 
12 
10 
17 
U 
9 
13 
24 

22 
19 
18 
20 

15 
16 
16 
16 
17 
12 
17 
18 
18 
16 
26 

15 

20 
18 
12 
8 
20 
30 

12 
32 

PeranL 
9.0 

7.3 
16.5 

lao 

10.2 
11.6 
13.4 

11.9 
13.6 
14.3 
15.1 

14.2 
15.8 
14.1 
16.8 
15.8 
15.6 
18.2 
16.6 
15.3 
14.7 

16.0 
16.0 

19.0 
15.4 
16.0 
12.0 
10.6 
12.2 
13.9 
10.7 

14.7 
14,7 
17.0 
12.5 
12.9 
14.0 
16.0 
13.9 

12.2 
14.4 
16.3 
13.9 

14.1 
12.6 
12.7 
13.6 
10.5 
14.1 
17.0 
16.9 
15.0 
16.3 
15.0 

15.0 

13.8 
16.0 
15.8 
14.4 
15.7 
15.4 

18.4 
5.3 

79.6 
62.9 

88.2 

79.0 
73.9 
78.3 
74.6 

75.1 
80.8 
80.6 
80.6 

80.0 
80.1 
73.6 
91.5 
85.1 
80.3 
89.3 
84.0 
80.7 
8a7 

90.9 
86.2 

93.1 
79.0 
84.6 
73.6 
69.8 
76.3 
80.3 
76.9 

87.5 
83.0 
92.4 
78.4 
79.9 
80.2 
86.4 
79.7 

86.5 
86.7 
92.0 
81.8 

85.4 
75.9 
.   78.2 
80.4 
76.6 
76.0 
85.0 
82.8 
79.8 
87.0 
76.1 

88.2 

80.7 
81.6 
85.4 
81.3 
87.7 
81.8 

88w9 
62.0 

Poor 

Wflted  and 
moldy. 

Good 

6743 
6603 

6026 

4371 
4372 
4373 
4452 

.    7206 
7208 
7214 
7215 

7929 
7940 
7971 
7996 
8006 
8019 
8053 
7954 
7955 
8004 

5857 
7904 

6026 
6027 
6045 
6046 
6047 
6048 
6049 
8037 

5813 
6016 
6017 
7132 
n33 
7211 
7212 
7213 

5806 
5807 
5814 
6008 

5932 
7097 
7098 
7099 
7100 
7127 
7197 
7198 
7226 
7227 
7295 

6001 

5805 
5962 
6988 
6098 
6002 
6009 

6034 
6041 

Oct.  12,1908 
July    1,1908 

Nov.  17,1908 

Sept.  24, 1906 
Do. 

Victoria    0 

Victoria 

Wheeler   ti 

Ramsdell 

Wilbarger    6 

Vernon 

Do 

Do 

'withered.;.' 

Good 

do 

do 

do 

do 

do 

do 

do 

do 

do 

do 

do 

do 

do 

Fair 

Do. 

Do 

Nov.    3,1906 

TTtfth 

Jdab    -o 

Nephi 

Oct.   19,1909 
Do. 

^Do::::.::::::: 

Do 

Do 

Do 

Do. 

MUlard    -a 

Ofwrfa 

Oct.   15,1910 
Oct.   19,1910 
Oct.   27,1910 
Oct     31  1910 

Do 

Do 

Do 

Do 

Nov.    2,1910 
Nov.    8,1910 
Nov.  18,1910 
Oct.   20,1910 
Do. 

Do 

Do 

Hinckley 

Do.! 

Do 

Nov.    2,1910 

Nov.    2,1908 
Oct.    10,1910 

Nov.  17,1908 
Do 

Uinta   o 

White  Rocks 

Do 

Good 

Fair 

do 

do 

do 

do 

do 

do 

Good 

do 

Fair 

Vligliila 

Alexandria    b 

Arlineton 

^S!^.  .  . 

Do 

Nov.  23,1908 
Do. 

Do 

Do 

Do. 

Do 

Do. 

Do 

Do 

Do 

Nov.  10,1910 

Oct.   23,1908 
Nov.  16,1908 
Nov.  14,1908 
Oct.     1,1909 
Do. 

Augusta    -a 

Stuarts  Draft 

Do 

Do 

do 

Good 

Fair 

Do 

Do 

Do 

Good 

do 

do 

do 

Fair 

Oct.    19,1909 
Do. 

Do 

Do 

Do. 

Botetourt   -a 

Troutville. 

Do 

Oct.   22,1908 
Do. 

Do 

Good 

do 

Fair 

Oct.   23,1908 
Nov.  13,1908 

Nov.    5,1908 

Sept.  21,1909 

Do. 

Do 

Clarke    b 

Berrvville 

Good 

Fair.  ..    . 

Do 

Do 

Good 

do 

Fair 

Good 

do 

do 

do 

do 

Fair 

Good 

Fair 

Good 

Fair 

Do 

Do 

Do. 

Do 

Sept.  29,1909 

Oct.    16,1909 

Do 

Do 

Do... 

Do 

Oct.   21,1909 
Do. 

Do 

Do 

Nov.    1,1909 

Nov.  12,1908 

Oct.   22,1908 

Nov.  10,1908 

Do. 

Fauquier    b 

Rectortown 

Loudoun    b 

Round  HUl 

Bluemont 

Do 

Round  HUI 

Do 

Nov.  11,1908 
Nov.  12,1908 
Nov.  13,1908 

Nov.  20,1908 
Nov.  21,1906 

Good 

do 

Fair 

Bluemont 

"~Bt^urg^. 

ChUdress 

do 
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County  and  town. 

Analysis. 

Condition 

Serial 
num« 
ber. 

State. 

Average 
weight 

juice. 

Purity. 

Date  Of 
analysis. 

Vbgfnia 

Pulaski    a 

Dublin 

Do 

Pulaski 

Do 

Dublin 

Pulaski 

Do 

Do 

Do 

Do 

Do 

Do 

Dublin 

Do 

Ounces. 
32 
13 
26 
18 
12 
10 
18 
17 
16 
11 
16 
21 
16 
24 
10 
14 
13 
19 
20 
14 

16 
18 
34 

39 

30 
22 
48 
23 
29 
21 
32 
28 
35 
24 
13 
22 
17 
5 
32 
42 
13 
49 
10 
12 
40 
42 
28 
13 
17 

" 

20 
30 
8 

20 
36 

16 
15 
15 
24 
17 
10 
18 
34 
19 
24 
36 
24 

Pereenl. 
16.6 
17.6 
14.0 
15.6 
17.6 
13.4 
13.7 
12.6 
14.2 
16.6 
15.3 
14.0 

ia4 

11.7 
12.0 
12.0 
14.2 
14.6 
14.6 
12.5 

14.0 
11.1 
13.4 

ia6 

14.6 
16.6 
13.9 
16.5 
16.0 
16.6 
11.8 
1&9 
15.4 
15.3 
15.3 
13.6 
12.5 
12.0 
12.5 
13.4 
10.7 

a3 

14.8 
14.5 
13.8 
14.3 
11.3 
11.3 
11.3 

14.0 

13.6 
17.1 
8.4 

13.7 
15.6 

16.9 
16.8 
16.4 
13.2 
14.6 
14.9 
15.0 
13.0 
14.8 
11.1 
13.0 
14.4 

86.4 
88.8 
87.5 
83.7 
95.1 
84.8 
86.0 
79.6 
81.8 
85.8 
84.6 
82.8 
71.2 
76.4 
76.4 

7a4 

76.7 
80.0 
79L2 
77.1 



74.3 
78.2 

68.1 

89.2 
91.6 
86.3 
86.1 
71.1 
86.3 
77.6 
81.5 
8a7 
79.3 
86.7 
83.2 
81.1 
77.2 
76.2 
77.2 
72.7 
62.7 
81.5 
80.5 
81.4 
82.5 
70.6 
77.6 
74.0 

79.0 

81.4 
87.7 
6a8 

79.1 
83.7 

85.3 
89.8 
87.2 
81.9 
78.8 
82.7 
83.3 
81.2 
82.6 
76.0 
81.9 
82.9 

Fair 

do 

do 

do 

Good 

do 

do 

do 

do 

do 

do 

do 

do 

do 

Fair 

5781 
5782 
6843 
6845 
6060 
7122 
7123 
7125 
7238 
7239 
7240 
7241 
7101 
7102 
7103 
7104 
7242 
7243 
7244 
7271 

n24 
7143 
7230 

6013 

6737 
6738 
6844 
5000 
5002 
5946 
6947 
5089 
5090 
5091 
7121 
7126 

Oct.   17,1908 

Do. 
Oct   30,1906 

Do. 
Nov.    7,1908 
Sept.  28, 1909 

Do. 

Do. 
Oct.   23,1909 

Do.' 

Da 

Do. 
Sept.  21,1909 

Do. 

• 

Do 

Do. 

Do 

do 

do 

Good 

do 

do 

Fair— soft... 

Good 

do 

do 

do 

do 

do 

do 

Good 

do 

do 

Fair 

do 

Good 

do 

Fair 

Good 

do 

do 

do 

do 

do 

do 

do 

do 

do 

....do 

do 

Fair 

Good 

do 

do 

do 

do 

do 

do 

do 

do 

do 

do 

do 

do 

do 

do 

do 

do 

Do. 

Do 

Oct.   25,1909 
Do. 

Do 

Do 

Do. 

Do 

Oct.    27,1909 

Sept.  28,1909 
Oct.     3,1909 
Oct.   22,1909 

Nov.  14,1908 

Oct    10,1906 

Da 
Oct   30,1908 
Nov.    4,1908 

Do. 

Roanoke  p 

Roanokft 

Do 

Do 

Roddngbam    b 

Grottoes 

Smyth   p 

Seven  Mae  Ford... 

Marion 

Seven  Mile  Ford... 
X%\tnn 

Do 

Ma>ion 

Nov.    7,1908 

Do. 
Nov.  10,1908 

Do. 

Do 

Seven  Mile  Ford.. 
Do 

Do 

North  Holston.... 
Do 

Do. 

Sept  28,1909 

T>o. 

ChUhowie 

7134      Or»t.      1.1909 

Do 

7135 
7136 
7138 
7139 
7186 
7191 
7192 
7210 
7237 
7276 
7965 
8045 

7105 

6005 
6023 
7180 

6000 
6029 

5928 
5029 
5030 
7116 
7140 
7141 
7189 
7190 
7194 
7930 
7956 
8005 

Do. 

Marion 

Seven  Mile  Ford... 
Do 

Da 

Oct     2,1909 

Do. 

Do 

North  Holston.... 
Do 

Oct    12,1900 

Oct    13,1909 

Do. 

Marion 

Seven MUe  Ford.. 
Do 

Oct    19,1900 
Oct    23,1909 
Oct    28,1909 

Chilhowie 

Oct.    24,1910 

Do 

Nov.  14,1910 

Southampton    q 
Ivor 

Sept  21,1909 

Nov.  12,1908 
Nov.  17,1908 

Taiewen    p 

Burkes  Garden.... 
Tasewell 

North  TaieweU... 
Warren    6 

Oct    11,1909 
Nov.  11,1908 

Do 

Nov.  17,1908 

Nov.    5,1908 
Do. 

Washington   p 

Abingdon 

Do 

Do. 

Konnarock 

Abfaigdon 

Sept  27, 1909 
Oct.     2, 1909 

Glade  Spring 

Konnarock 

Do 

Do. 

Oct    13,1909 

Do. 

Abhigdon 

Oct    14,1909 

^.^::::::::: 

Oct    17,1910 

Do 

Oct    20,1910 

, 

Do 

Nov.    2,1910 
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Sugar-beet  analyses y  made  in  the  Bureau  of  Chemistry — Continued. 


County  and  town. 

Analysis. 

Condition 
of  sample. 

Serial 
num> 
ber. 

state. 

weight. 

Sugar 

in 
Juice. 

Purity. 

Date  of 
analysis. 

Virginia 

Wythe    n 

Rural  Retreat 

Do 

16 
16 
10 
11 
34 
31 
8 

9 

16 

16 
48 
16 
32 
20 
20 

16 
20 
36 
20 
16 

Percent, 
13.8 
17.0 
14.6 
14.7 
17.7 
16.3 
19.0 

19.2 

12.3 

12.2 
13.6 
12.6 
15.0 
12.7 
16.2 

13.8 
20.3 
14.6 
13.2 

14-7 

78.8 
83.7 
88.0 
89.1 
84.6 
84.0 
82.5 

89.0 

70.1 

74.8 
79.5 
71.3 
82.6 
77.4 
78.8 

80.0 
78.2 
80.4 
81.1 
77.3 
84.0 
59.5 

86.9 

63.0 

79.3 

79.4 

74.2 

73.4 
82.8 
80.9 
55.1 
8L6 
92.0 

68.8 

86.2 
79.0 

83.1 

Good 

4883 
5154 
5996 
6097 
6032 
6044 
7423 

8157 

Oct.   14,1907 
Nov.  20,1907 
Nov.  11,1908 

Do 

Fair 

do 

Good 

do 

Soft 

Do.... 

Do. 

Do 

Nov.  19,1908 
Nov.  23,1906 
Nov.  23,1909 

Dec.  10,1910 

Do 

WytheviUe 

Kltsaj)    -a 

Manette 

Washington.... 

WUted 

Good 

West  Virginia.. 

Jefferson    cf 

Shenandoah  Junc- 
tion. 

Charlestown 

Do 

do 

do 

do 

do 

do 

do 

do 

Bad 

Good 

do 

do 

do 

do 

do 

do 

do 

do 

do 

7928 
7957 
7958 
7960 
8018 
7968 

7972 
8003 
8010 
7964 
8038 
8092 
8021 

8039 

8001 

7993 

7892 

7274 

4886 
4891 
5213 
5225 
5706 
6773 

5804 

7137 
7939 

5780 

Oct.   15,1910 

Oct.   21,1910 

Do. 

Do 

Do 

Do. 

Do 

Nov.    6,1910 

Shenandoah  Junc- 
tion. 
Do 

Oct.   26,1910 
Oct.   27,1910 

Do 

Nov.    2,1910 
Nov.    3, 1910 

Do 

Keameysville 

Oct.    24,1910 
Nov.  10,1910 

Do 

6  1       17.7 

Nov.  23,1910 

Summit  Point 

Preston    b 

RoedsviUe 

Roane    -a 

Bloomington 

Summers    a 

Lowell 

10 

21 

20 

32 

22 

32 

23 
11 
25 
10 
18 
16 

14 

8 
14 

26 

7.3 
18.3 

6.9 

U.8 

14.8 

11.5 

12.8 
19.3 
15.9 
6.4 
16.0 
24.3 

9.5 

17.8 
U.2 

15.7 

Nov.    8,1910 
Nov.  10,1910 
Nov.    1,1910 
Oct.   29,1910 
Oct.   18,1910 
Oct.   28,1909 
Oct.    15,1907 

Wyoming 

Carbon    g 

Baggs 

Creole    cf 

Forest 

Laramie    u, 

Cheyenne 

Oct.   23,1907 

Chugwater 

Red— small . 

do 

Good 

Fair 

Poor 

Fair 

do 

Good 

Dec.     3,1907 
Do. 

Cheyenne 

Oct.     6, 1908 

1>0^..... 

Oct.    15,1906 
Oct.   22,1906 
Oct.     2, 1909 

Sheridan    b 

Kendrick 

Weston    cf 

Cambria 

Horton 

Oct.    18,1910 

Uinta   -D 
Lyman ... 

Oct.    17,1908 

TEARLT  AVEEAGE  AITALTTICAL  DATA  BT  STATES,  FBOM  1884 
TO  1900,  AHD  FBOM  1905  TO  1910. 

The  foUowing  table  contains  the  yearly  average  analytical  figures 
of  the  bureau  for  beets  grown  in  the  varioustStates  since  1884,  with 
the  exception  of  the  years  1901-1904.  The  figures  are  of  value  in 
showing  the  variability  of  the  sugar  content  and  purity  by  years  and 
in  providing  a  basis  for  a  comparison  of  the  various  States  as  sugar- 
beet  producers.  UnUke  the  preceding  table,  tlie  sugar  content  has 
been  figured  by  a  factor  to  the  sugar  in  tJie  beet.  The  results  for  the 
years  up  to  1898  are  taken  from  BuUetin  No.  52  of  the  Bureau  of 
Chemistry,  while  the  results  for  1898,  1899,  and  1900  are  taken  from 
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the  Report  of  Progress  of  Beet  Sugar  Industry  in  the  United  States 
for  these  years.  The  results  for  1905  to  1910  are  based  on  the  figures 
given  in  this  report. 

Yearly  average  of  analyses  of  beets,  by  States,  made  in  Bureau  of  Chemistry,  1884  to 

1900  and  1905  to  1910. 


State  and  year. 


U03.. 
1808.. 
1900.. 
Aiiiona: 
1801.. 
1807.. 
1906.. 


1801 

1802 

1807 

1808 

1899 

1900 

1906 

1907 

1900 

1910 

CaUlbniJa: 

18M 

1800 

1801 

1802 

1807 

1808 

1800 

1900 

1908 

1900 

1910 

Colorado: 

1890 

1801 

1802 

1803 

1807 

1808 

1809 

1900 

1905 

1907 

1908 

1909 

1910 

Connecticut: 

1890 

1801 

1808 

1S09 

1900 

Delaware. 

1898 

1800 

1900 

1898 

1899 

1900 

1908 

1909 

1910 

Idaho: 

1890 

1801 

1802 

180S 

1807 

1806 


Ounces. 


2 

7 

1 

2 
3 
2 

6 
5 
2 
1 
1 
1 
4 

71 

4 
8 
4 
1 
4 
1 
4 
6 
7 
2 

20 

51 

170 

18 

174 

SO 

64 

•   57 

22 

2 

9 

24 

•4 

2 
5 

4 
2 

1 

1 
2 

1 

2 

4 
10 
1 
2 
1 
2 

1 
1 
2 
2 
7 
5 


Aver- 
age 
weight. 


Sugar 

Puri- 

inbeet.» 

ty. 

P.et. 

50 

6&7 

as 

73.2 

12.4 

77.6 

7.7 

6&9 

9.3 

7a4 

13.9 

77.2 

&4 

58.8 

9.4 

64.7 

11.3 

71.5 

7.1 

67.5 

&0 

55.5 

6l7 

61.0 

ia8 

8a3 

14.4 

78.8 

12.3 

lao 

75.4 

13.7 

85.3 

14.7 

846 

11.1 

7&8 

14.7 

77.6 

16.8 

14.6 

802 

13.9 

82.0 

12.9 

7a  9 

13.3 

82.2 

13.6 

79.9 

16.8 

82.5 

12.5 

7a  1 

13.1 

7ai 

14  8 

81.7 

13.2 

74  9 

13.6 

7a  7 

13.7 

8ai 

14.4 

8a2 

14.1 

7a7 

l&l 

82.6 

19.7 

8a7 

13.6 

79.5 

1&7 

82.8 

11. 0 

7a  9 

9.7 

7a  1 

las 

77.3 

ia3 

7a  2 

lao 

7&5 

lao 

73.4 

11.3 

7a8 

12.5 

81.4 

lao 

7&6 

n.i 

64.9 

6.8 

64.0 

11.0 

76.0 

14.2 

86.6 

9.6 

73.7 

8.5 

71.6 

9.6 

73.2 

8.0 

68.3 

12.7 

74.9 

14.7 

79.1 

10.2 

7a  2 

15.5 

79.4 

12.0 

78.3 

State  and  year. 


Idaho— Continued . 

1899 

1900 

1906 

1910 

nUnois: 

1890 

1891 

1892 

1897 

1898 

1899 

1900 

1905 

1906 

1908 

1909 

1910 

Indiana: 

1890 

1891 

1892 

1893 

1897 

1898 

1899 

1900 

1909 

1910 

Indian  Territory: 

1891 

1888 

1900 

Iowa: 

1890 

1891 

1802 

1893 

1807 

1898 

1899 

1900 

1905 

1908 

1909 


1890. 
1891. 
1802. 
1893. 
1897. 
1898. 


1900... 

1907... 

1908... 

1909... 

1910. . . 
Kentucky: 

1891... 

1802... 

1897... 

1898... 

1899... 

1900... 
Louisiana: 

1893... 

1910... 
Maine: 

1900... 


Num- 
ber of 

Aver- 

Sugar 

sam- 
ples. 

welght. 

inbeet.1 

Ounces. 

P.et, 

1 

36 

10.8 

19 

26 

13.5 

1 

24 

19.1 

2 

27 

ia3 

8 

31 

10.3 

36 

32 

11.7 

59 

16 

10.9 

32 

17 

13.1 

38 

20 

10.2 

25 

26 

10.6 

16 

27 

8.3 

7 

20 

11.6 

27 

19 

lao 

1 

12 

18.8 

7 

29 

12.0 

3 

41 

9.6 

66 

23 

ia7 

77 

27 

11.6 

67 

14 

11.2 

4 

10 

10.7 

103 

14 

13.1 

88 

21 

10.1 

29 

19 

11.4 

15 

21 

9.4 

3 

26 

11.6 

2 

42 

11.1 

1 

27 

11.6 

1 

27 

9.6 

3 

29 

7.9 

30 

22 

11.8 

321 

30 

11.8 

30 

24 

10.9 

7 

17 

12.8 

130 

18 

13.3 

147 

25 

11.4 

67 

24 

10.9 

39 

33 

9.5 

16 

24 

11.3 

2 

28 

14.8 

10 

30 

11.3 

22 

32 

8.3 

36 

33 

la? 

22 

25 

11.1 

1 

14.3 

41 

27 

11.4 

•  16 

22 

ia3 

35 

22 

9.6 

20 

25 

lai 

11 

19 

las 

6 

28 

11.4 

1 

24 

16.3 

3 

7 

1&7 

3 

34 

0.1 

4 

13 

a  9 

6 

16 

11.9 

4 

14 

6.9 

1 

5 

7.4 

12 

13 

a  5 

3 

12 

las 

1 

5 

9.0 

2 

19 

ai 

Puri- 
ty. 


7a  0 

81.4 
89.5 
83.6 

72.1 
7a  4 

7a  2 
7a  5 
7a  2 

72.6 

6a2 
7a  1 

81.6 
88.0 

7a  2 

71.5 

72.7 
7a  9 
72.5 
73.1 
7a  9 
7a  6 
73.4 
71.1 
7a  6 
74.8 

7a  9 
77.1 
66.2 

74.5 
7a  7 
7a  2 
7a  8 
73.7 
7a  1 
72.1 
7a  7 

7a  1 

87.7 

7a  2 

69.3 
68.2 
74.2 
72.8 
73.8 
71.3 
66.0 
72.1 
72.3 
7a  2 
82.1 

7a  5 

63.7 
77.2 
71.5 
61.1 


64.8 


72.2 
7a  8 


07.7 


>  Cal^nilated  flrom  sugar  in  Juioe  by  finctor. 
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ANALYSES  OF  SUGAB  BEETS,  1905  TO  1910. 


Yearly  average  of  analyses  of  beets,  by  States,  made  in  Bureau  of  Chemistry. ,  1884  to 
1900  and  1905  to  1910— Continued. 


State  and  3^ear. 


tNum- 
{berof 
'  sam- 
i  pies. 


Maryland: 

1890 

1881 

1897 

1898 

1899 

1900 

1905 

1910 

Maasachuaetts: 

1890 

1898 

1899 

1900 

Michigan: 

IWO 

1881 

1892 

1893 

1897 

1896 

1899 

1900 

1905 

1906 

1907 

1909 

Minnesota: 

1890 

1891 

1892 

1893 

1897 


1899.... 

1900.... 

1910.... 

MiflBissippi: 

1908!!!! 

1909.... 

1910. . . . 
Miaaoari: 

1890. . . . 

1801.... 

1892.... 

1897.... 

1898.... 

1899.... 

1900.... 

1908.... 

1909.... 

1910.... 
Montana: 

1891.... 

1892.... 

1893.... 

1897.... 

1898.... 

1899.... 

1900. . . . 

1909.... 

1910. . . . 
Nebraaka: 

1890.... 

1891.... 

1892... . 

1893.... 

1897.... 


1899.. 
1900.. 
1908.. 
1909.. 
Nevada: 
1891.. 
1892.. 
I'®?.. 
1808.. 
1899.. 
1900.. 


Aver- 
age 
weight. 


4 
9 
2 

30 

50 

71 

88 
450 

34 
236 
478 

21 

28 
2 
2 

107 
41 
22 

7 

49 
21 

9 
10 

1 

?i 

2  I 
67 
13  ! 
324 
43 
19 

9 

3 

5 

4 

35 

6  I 

V 

7  ' 
2  ' 

■I 

269 
62 

^8! 

13 

10 

6 
11 

5 

4 

18 
81 
21 
42 
24 
3 


Ounce* 
15 
16 
19 
22 
18 
10 
21 
15 

16 
27 
21 
8 

31 
32 
19 
15 
22 
28 
22 
14 
15 
22 
18 
17 

30 
29 
29 
60 
24 
22 
23 
31 
9 


13 
20 

21 
20 
33 
20 
17 
17 
15 
13 
16 
10 

25 
22 
15 
20 
21 
40 
38 
24 
14 

20 
35 
21 
17 
29 
25 
19 
28 
19 
23 

11  I 

13  I 

18 

12 

18 

10) 


12.0 
12.0 
14.6 
14.0 


76.2 
75.7 
78.1 
70.8 
79.2 
78.7 
77.6 
75.9 
66.6 

65.7 
78.3 
60.9 
72.7 


State  and  year. 


Nevada— Contd. 

1908 

1909 

New  Hampshire: 

1891 

1808 

1899 

1900 

New  Jersey: 

1891 

1897 

1898 

1809 

1900 

1909 

New  Mexico: 

1891 

1892 

1897 

1898 

1899 

1900 

1906 

1907 

1908 

1909 

1910 

New  York: 

1890 

1891 

1892 , 

1897 

1898 

1899 

1900 

1910 

North  Carolina* 

1892 

1897 

1898 

1899 

1900 

1907 

1908 

1909 

1910 

North  Dakota: 

1890 

1891 

1892 

1893 

1897 

i9oo! !!!!!!! ! 

1905 

1908 

1910 

Ohio: 

•  1890 

1891 

1892 

1897i 

1898 

1899 

1900 

1906 

1907 

1908 

1909 

1910 

Oklahoma: 

1891 

1897 

1898 

1899 

1900 

1907 

1908 

1909 

1010 


Num- 
ber of 
aam- 
ptes. 


5 
13 

1 
2 
4 
0 

1 

31 

33 

17 

2 

1 

17 

29 

3 

7 

2 

2 

2 

20 

51 

14 

1 

10 

4 

8 

225 

328 

142 

51 

2 

4 

7 
14 
2 
4 

7 
2 

4 
1 

24 
11 
11 
2 
4 
3 
5 
6 
7 
4 

15 

66 

102 

68 

409 

128 

64 

5 

15 

1 

2 

2 

1 

1 
6 
2 
4 
3 
7 
16 
4 


Avpr- 
wcQ^ht. 


Ounce*. 
22 
23 

19 
34 
17 
29 

17 
16 
20 
27 
21 
16 

28 
19 
13 
20 
22 
23 
20 
21 
19 
19 
17 

15 
32 
22 
21 
21 
19 
22 
10 

4 
23 
19 
17 
23 
17 
26 
14 
24 

25 
23 
24 
27 
28 
22 
22 
35 
15 
24 

26 
31 
17 
22 
24 
24 
26 
27 
f4 
16 
18 
19 

48 
10 
24 
31 
22 
23 
25 
16 
19 


Sugar 


in  beet.    ty. 


P.d. 

l&O 
17.6 

11.6 
13.6 
1&6 
11.1 

7.3 
14.2 
11.1 
11.3 
11.4 

7.9 

13.8 
15.3 
17.2 
12.8 
14.9 
14.5 
15l3 
17.9 
16.4 
14  6 
16.0 

12.1 
11.6 
1&4 
l&O 
12.6 
13.0 
13.3 
13.8 

9.0 
9.1 
&5 
7.6 

ia3 

12.2 
9.3 
14.0 
13.6 

13.4 
11.8 
12.9 
14  0 

ia5 

13.9 

ia2 

12.7 
14  4 

lao 

9.8 
11.3 
142 
13.8 
11.0 
11.9 

ia3 

17.0 
l&l 
9.6 
1&6 
11.9 

&4 
11.8 

ia2 
ia3 
lao 

14  7 
13.8 
12L0 
13.4 


Puri- 


85l8 
87.4 

sao 

83.6 
8&0 
74  9 

Tas 

81.4 
77.6 
77.3 
76l7 
63.6 

748 
83.2 
82.0 
78.0 
82.9 
77.8 
78.1 
83.2 
847 

8ai 

77.0 

78.0 
76.8 
85.9 
82.4 
8a6 
78.8 
79.8 
83.6 

73.4 
7&3 
61.8 

6ao 

76.4 
8a8 
72.6 
82.6 
82.7 

71.2 
73.2 
76.6 
8a7 
81.2 
78.3 
71.1 
73.9 
83.6 
76.9 

76.0 
73.6 
8a2 
79.1 
77.1 
76l1 
73.1 
81.7 
87.8 
73.0 
8&2 
7&0 

63.3 
72.5 
73.3 
09.3 

60.8 

7a  1 

81.2 
74  6 
81.0 
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Yearhf  average  <rf  <maly9e$  of  heeU,  by  States,  made  in  Bureau  of  ChenUttry,  18S4  to 
1900  and  1905  to  iP/O— Continued. 


state  mud  ynr. 


Oneon: 

IW) 

1»1 

1M2 

1»6 

1890 

WOO 

1»6 

1006 

1907 

1906 

1910 

Peni^Thruiia: 

im.'.'.'.V.', 

1802 

1808 

1807 

1808 

1890 

1900 

1907 

1908 

1900 

Rhode  Island:' 

1897 

South  CaioUna; 

1897 

.  1896 

1899 
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4 
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3 

5 

1 
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10 

2 

1 
14 

2 

2 
10 
11 
40 

3 
16 
24 
17 
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34 
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10 
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in 
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16.1 
12.7 
14.2 
14.1 
15.8 
12.4 
14.3 
12.2 
17.1 
17.0 
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&0 

73.8 

13.3 

78.7 

las 

75.8 

11.0 

78.9 

13.8 

79.5 

11.6 

78.1 

11.2 

75.4 

ia6 

74.8 

15.3 

79.7 

14.3 

82.4 

14.2 

81.4 

11.9 

0.9 
10.2 
13.0 

8.4 

13.1 
12.5 
13.1 
15.1 
13.9 
10.6 
10.5 
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16.6 
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8.3 
6.4 
9.7 
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81.3 
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79.9 
81.2 
79.3 
69.5 

7^6 
75.3 
75.5 
83.2 
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72.8 
71.7 
75.3 
82.8 

65.8 
72.4 
71.9 
69.3 
67.6 
54.8 
71.1 
72.8 

60.3 ; 

60.1  I 

76.5  , 
69.8  ' 
53.7 
56.8  : 

75.6  , 
75,8  I 
73.3  , 
77.6  : 
77.6 
76.9 
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1897 

1898 

1899 

1900 

1908 
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1910 

Vermont: 

1807 

1898 

1899 
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Virginia: 

1890 

1891 

1802 

1898 

1897 

1898 

1899 

1900 

1907 

1908 

1909 

1910 

Washington: 

1890 

1891 

1892 

1893 

1897 
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1899 
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1910 

West  Virginia: 

1892 

1807 
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1899 
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1910 
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1890 

1891 

1892 

1897 

1898 

1899 
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1890 

1891 

1892 

1893 

1897 

1898 

1899 
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1907 

1908 

1909 

1910 
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ber of 

Avw- 
wSSit. 

Sugar 

sam- 
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in  beet 

Ommet, 

P,ct. 

35 

20 

14.3 

14 

16 

13.6 

10 

20 

16.0 

6 

14 

13.8 

1 

35 

16.2 

4 

8 

13.2 

11 

23 

14.9 

8 

22 

14.2 

68 

22 

18.2 

16 

23 

1X8 

3 

16 

12.1 

20 

15 

10.8 

72 

21 

11.1 

13 

12 

12.0 

14 

16 

13.3 

34 

21 

11.6 

43 

20 

&9 

6 

17 

9.5 

49 

18 

10.0 

2 

16 

14.7 

55 

21 

14.4 

51 

19 

1X9 

6 

20 

11.3 

1 

16 

15.2 

11 

18 

14.5 

31 

18 

14.5 

183 

28 

12.3 

34 

27 

13.7 

5 

27 

13.9 

8 

23 

18.0 

2 

24 

14.9 

1 

9 

ia3 

12 

14 

11.3 

14 

19 

15.4 

4 

28 

9.1 

3 

20 

9.1 

4 

7 

10.7 

1 

16 

11.7 

16 

22 

13.2 

10 

21 

12.8 

432 

36 

11.1 

21 

22 

12.7 

42 

15 

15.8 

16 

24 

13.0 

25 

21 

14.8 

18 

30 

10.0 

5 

26 

15.1 

18 

12 

13.5 

6 

8 

15.2 

48 

19 

15.9 

34 

19 

17.2 

10 

19 

13.9 

1 

29 

15.9 

2 

20 

13.5 

4 

17 

13.0 

4 

19 

15.5 

2 

20 

14.0 

2 

'      18 

12.4 

Purl- 
ty. 


81.1 
85.3 
83.6 
81.3 
9a9 
79.4 
82.7 

84.1 
82.8 
79.0 
79.7 

74.0 
76.0 
70.6 
83.0 
76.2 
72.4 
74.3 
74.1 
81.3 
83.7 
79.1 
78.3 

84.3 
83.9 
76.8 
74.0 
80.7 
81.3 
77.8 
86.6 
89.0 

68.5 
80.4 
73.0 
67.3 
62.7 
70.1 
77.1 

81.3 
75.8 
77.8 
83.3 
79.3 
84.4 
73.1 

78.8 
78.1 
85.3 
80.5 
82.3 
78.1 
81.9 
78.5 
73.0 
81.4 
80  1 
79.2 
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LETTER  OF  TRANSMITTAL 


U.  S.  Department  op  Agriculture, 

Bureau  op  Chemistry, 
Washington^  D.  C,  January  SI,  1911. 
Sir:  I  have  the  honor  to  transmit  for  your  approval  a  report  by 
Bemhard  C.  Hesse,  a  color  expert,  containing  both  original  chemical 
work  done  in  the  bureau  since  the  passage  of  the  food  law  on  anilin 
dyes  used  for  foods,  and  a  valuable  and  extensive  compilation  of  the 
literature  of  tiie  subject,  especially  with  reference  to  the  harmfulness 
of  coal-tar  colors  and  their  physiological  effects.  These  data  formed 
the  basis  of  the  opinions  stated  in  Food  Inspection  Decisions  76,  77, 
and  106,  and  are  presented  in  detail  as  of  scientific  and  practical 
interest  to  all  those  concerned  in  the  use  of  coal-tar  colors  in  foods, 
whether  as  manufacturers,  food  officials,  or  consumers.  I  recommend 
the  publication  of  this  report  as  Bulletin  No.  147  of  the  Bureau  of 
Chemistry. 

Respectfully,  H.  W.  Wiley,  Chief. 

Hon.  James  Wilson, 

Secretary  of  AgricuUwre. 
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COAL-TAR  OOLOES  USED  IN  FOOD  PRODUCTS. 


IHTBODTJCTIOV. 
PTTBPOSE  OF  THE  INVESTIGATION. 

For  the  purposes  of  the  inyestigation  reported  in  the  following  pages, 
the  legitimacy  of  the  coloring  of  food  and  food  products  under  certain 
conditions  is  regarded  as  established;  the  ethical  and  dietetic  aspects 
of  the  question  of  food  coloring  are  not  here  considered. 

The  means  at  hand  for  coloring  food  products  may  be  conveniently 
classified  as  vegetable,  animal,  mineral  or  inorganic,  and  synthetic 
or  so-called  coal-tar  colors  or  dyes.  Representatives  of  each  of  these 
have  at  one  time  or  another  all  been  used  in  the  coloring  of  food,  and 
the  laws  of  various  European  and  American  States  have,  from  time 
to  time  prohibited  the  use  of  certain  specified  members  or  all  of  each 
or  some  of  the  foregoing  classes.  It  is  therefore  obvious  that  even 
for  the  legitimate  purposes  for  which  food  can  be  colored,  improper 
'means  are  at  conmiand,  and  some  of  these,  if  not  all,  have  been 
prohibited  by  law  at  some  time  or  another. 

It  is  the  function  of  the  present  work  to  determine  what  members 
of  the  synthetic  or  coal-car  colors  should  be  considered  legitimate 
for  coloring  foods.  It  is  confidently  beUeved  that  the  material 
collected  in  the  following  pages  points  clearly  and  solely  to  the 
following  conclusions: 

1.  Coal-tar  dyes  should  not  be  used  indiscriminately  in  foods. 

2.  Only  specified  coal-tar  dyes  should  be  used  in  foods. 

3.  Only  tested  and  certified  dyes  should  be  used  in  foods. 

The  work  here  reported  has  furnished  the  basis  for  Food  Inspection 
Decisions  Nos.  76,  77,  and  106,  issued  July  13,  1907,  September  25, 
1907,  and  March  25,  1909,  respectively,  and  the  investigation  itself 
was  practically  terminated  January  1,  1910. 

The  effect  of  these  decisions  has  been  to  restrict  the  coal-tar  colors 

permitted  for  use  in  foods  to  seven  specified  and  enumerated  colors, 

until  such  time  as  it  shall  be  shown  with  reasonable  conclusiveness 

that  other  colors  should  be  added  to  such  list;  and  further,  all  coal-tar 

colors  permitted  for  use  in  food  are  to  be  of  a  degree  of  purity  and 

cleanliness  acceptable  to  the  Department  of  Agriculture,  and  are  to 

be  80  certified. 
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In  order  to  avoid  any  uncertainty  as  to  the  chemical  composition 
of  the  enumerated  colors,  direct  reference  is  made  in  Food  Inspection 
Decision  No.  76  to  a  standard  work  in  which  such  chemical  composi- 
tion is  clearly  and  unequivocally  set  forth.  The  relevant  parts  of 
Food  Inspection  Decision  No.  76  are  as  follows: 

The  use  of  any  dye,  hannless  or  otherwise,  to  color  or  stain  a  food  in  a  manner  whereby 
damage  or  inferiority  is  concealed  is  specifically  prohibited  by  law.  The  use  in  food 
for  any  purpose  of  any  mineral  dye  or  any  coal-tar  dye,  except  those  coal-tar  dyee 
hereinafter  listed,  will  be  grounds  for  prosecution.  Pending  further  investigations 
now  under  way  and  the  announcement  thereof,  the  coal-tar  dyes  hereinafter  named, 
made  specifically  for  use  in  foods,  and  which  bear  a  guaranty  from  the  manufeu:turer 
that  they  are  free  from  subsidiary  products  and  represent  the  actual  substance  the 
name  of  which  they  bear,  may  be  used  in  foods.  In  every  case  a  certificate  that  the 
dye  in  question  has  been  tested  by  competent  experts  and  found  to  be  free  from 
harmful  constituents  must  be  filed  with  the  Secretary  of  Agriculture  and  approved 
by  him. 

The  following  coal-tar  dyes  which  may  be  used  in  this  manner  are  given  numbers, 
the  numbers  preceding  the  names  referring  to  the  number  of  the  dye  in  question  as 
listed  in  A.  G.  Green's  edition  of  the  Schultz-Julius  Systematic  Survey  of  the  Or- 
ganic Coloring  Matters,  published  in  1904. 

The  list  is  as  follows: 

Red  shades:  107.  Amaranth.    56.  Ponceau  3  R.    517.  Erythrosin. 

Orange  shade:  85.  Orange  I. 

Yellow  shade:  4.  Naphthol  Yellow  S. 

Oreen  shade:  435.  Light  Green  S  F  Yellowish. 

Blue  shade:  692.  Indigo  disulfoacid. 

Each  of  these  colors  shall  be  free  from  any  coloring  matter  other  than  the  one 
specified  and  shall  not  contain  any  contamination  due  to  imperfect  or  incomplete 
manufacture. 

The  reasons,  broadly  considered,  which  led  up  to  these  food  inspec- 
tion decisions  are  given  in  concise  fashion  in  this  introduction. 

Looking  over  the  restrictions  placed  upon  coal-tar  colors  by  the 
lawmakers  of  the  various  countries  it  will  be  found  that  certain 
colors  are  in  some  instances  specifically  prohibited  and  in  other 
instances  that  certain  specific  colors,  or  classes  of  colors,  and  only 
such,  are  permitted  for  the  legitimate  purposes  of  food  coloring. 

Private  organizations,  such  as  the  Swiss  Society  of  Analytical 
Chemists  and  the  National  C)onfectioners'  Association  in  the  United 
States,  have  also  made  reconmiendations  permitting  specific  colors 
only,  and  in  addition  specifically  prohibiting  others.  Individual 
authors  have  likewise  made  similar  recommendations.  The  control 
of  the  quality  of  the  food  colors  practiced  on  the  part  of  those  Gov- 
ernments which  restrict  the  use  of  coal-tar  colors  to  certain  individ- 
uals, so  far  as  any  publications  show,  has  not  been  very  extensive. 

The  action  taken  against  the  use  of  coal-tar  colors  for  food-coloring 
purposes  has  ranged  all  the  way  from  absolute  prohibition  of  their 
use  for  any  purpose  whatsoever  to  the  practically  unlimited  use  in 
legitimate  food  coloring  operations  of  all  but  two  of  such  colors. 
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Intermediate  between  these  two  extremes  we  find  the  prohibition  of 
a  greater  number  than  two,  or  of  all  the  members  of  this  class  except 
certain  specified  colors,  and  even  here  with  the  restriction  that  they 
shall  be  used  only  for  certain  legitimate  food-coloring  purposes. 

It  would  be  dedrable  to  have  a  number  of  coal-tar  colors  of  estab- 
lished harmlessness  specifically  permitted,  particularly  if  the  number 
be  sufficient  to  meet  all  the  legitimate  demands  arising  in  the  food- 
coloring  art.  To  prohibit  only  specified  coal-tar  colors  and,  by 
implication,  to  permit  all  the  rest  of  this  class,  would  allow  the 
unrestricted  use  of  newly  discovered  colors,  and  all  other  coal-tar 
colors  not  examined  as  to  their  effect  on  health.  A  limited  Hst  of 
permitted  coal-tar  colors  which  would  make  the  use  of  all  coal-tar 
colors  outside  of  the  permitted  Ust  illegal  would  properly  protect 
the  health  and  could  work  no  substantial  hard^p  upon  those 
engaged  in  food  coloring.  Any  such  hardship  would  be  avoided  by 
providing  that  if  it  is  shown  that  none  of  the  colors  of  the  permitted 
list  meets  certain  legitimate  requirements  and  that  coal-tar  colors 
outside  the  permitted  Mst  are  capable  of  satisfying  this  need  and  are 
in  and  of  themselves  harmless  the  permitted  Ust  can  be  expanded  by 
the  proper  authorities  to  meet  additional  needs  or  growing  require- 
ments without  exposing  the  public  health  to  any  risk. 

NT7HBEB  OF  COLOBS  PERMITTED. 

It  will  be  shown  in  the  following  pages  that  in  the  summer  of  1907 
there  were  on  the  market  of  the  United  States  80  different  chemical 
individuals,  or  so-called  coal-tar  colors,  offered  for  the  coloring  of 
food.  It  has  been  known  since  1888  that  it  is  imsafe  to  attempt 
to  predict  the  harmfulness  or  the  harmlessness  of  coal-tar  colors  by 
inference  or  analogy ;  therefore  an  ideally  perfect  permitted  list  should 
contain  only  such  colors  as  have  each  been  examined  physiologically, 
separately,  and  specifically,  and  their  harmlessness  determined  by 
actual  test.  Out  of  the  80  colors  referred  to  30  had  not  been  exam- 
ined at  all,  so  far  as  the  literature  shows,  and  therefore  their  harm- 
lessness is  certainly  open  to  question;  26  had  been  examined  physi- 
ologically, and  the  published  accounts  with  respect  to  their  harm- 
lessness or  their  harmfulness  are  in  each  case  contradictory;  on  8 
none  but  adverse  reports  were  to  be  found  in  literature,  leaving 
only  16  out  of  80  colors  on  the  market  which  had  been  estabhshed 
with  more  or  less  certainty  as  harmless — that  is,  the  users  of  these  8 
colors  were  defiberately  taking  chances  with  the  public  health,  since 
the  harmful  nature  of  those  8  had  for  a  long  time  past  been  known  to 
those  conversant  with  such  subjects;  the  use  of  the  26  doubtful 
colors  is  more  defensible  than  the  use  of  the  8  known  to  be  harmful. 
Out  of  the  30  of  whose  action  nothing  was  known  it  can  not  be  said 
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how  many  are  or  are  not  harmful,  nor  can  the  risk  forced  upon  the 
public  health  be  satisfactorily  measured. 

This  brief  summaiy  must  suffice  for  the  present  as  a  justification 
for  the  restrictions  of  the  permitted  colors  to  7  in  number.  The  full 
reasons  for  each  and  every  step  will  appear  in  their  proper  places  in 
the  pages  following. 

QUALITY  AND  EFFICIENCY  OF  COLOBS  PEBHTnED. 

An  examination  of  30  specimens  representative  of  the  7  selected 
permitted  colors  on  the  United  States  market  in  the  summer  of 
1907  disclosed  such  a  condition  of  xmcleanliness  of  product,  or  care- 
less or  improper  manufacture,  and  the  use  of  such  utterly  inferior 
qualities  of  products  for  food  coloring  purposes,  that  control  over 
ttie  quality  of  the  seven  permitted  colors  seemed  necessary.  The 
results  of  the  work  in  the  making  and  maintaining  of  standards  of 
quality  for  each  of  these  seven  colors  also  justify  this  control.  That 
tiiere  was  in  1907,  and  for  a  year  or  more  later,  a  considerable  diver- 
gence of  opinion  among  chemists  as  to  what  should  be  the  proper 
quality  requirements  for  these  colors  is  shown  by  the  fact  that  out 
of  72  fomidation  certificates  offered  in  accordance  with  Food  Inspec- 
tion Decisions  Nos.  76  and  77,  57  were  rejected  on  their  face  because 
they  did  not  comply  with  the  standards  of  quality  then  in  mind, 
or  then  shown  to  be  commercially  attainable.  Much  objection  has 
been  made  by  many  of  those  whose  certificates  were  rejected  on  the 
ground  that  the  standards  then  in  mind  were  imreasonable,  unjusti- 
fiable, and  nonattainable.  The  actual  results,  however,  are  that 
with  very  few  exceptions  the  standards  in  mind  early  in  the  work 
have  all  been  exceeded  in  practice;  the  41,000  pounds  (20.5  tons) 
of  certified  colors  now  in  existence  made  in  97  batches,  or  an  average 
of  more  than  420  pounds  per  batch,  are,  with  the  exception  of  perhaps 
one  or  two  first  batches,  far  cleaner  than  was  expected  when  the  57 
certificates  above  referred  to  were  rejected. 

There  has  been  no  complaint  against  the  permitted  colors  for  want 
of  efficiency  or  for  the  possession  of  imsuitable  attributes,  which  has 
been  pressed  or  sustained  with  any  such  earnestness  as  would  rea- 
sonably be  expected  if  the  defects  complained  of  were  as  great  as 
they  were  represented.  Complaints  have  been  made  against  the 
yellow,  when  used  in  acidulated  fruit  sirups,  on  account  of  its  pos- 
sessing a  bitter  taste;  the  proof  of  this,  so  far  as  any  has  been  offered, 
was  for  a  long  time  not  of  a  convincing  nature,  and  it  was  two  years 
after  the  first  objection  was  raised  before  any  concerted  or  positive 
action  was  taken  by  those  interested.  The  yellow  has  also  been 
criticized  because  it  is  not  sufficiently  fast  to  light;  although  it  was 
satisfactorily  shown  that  another  yellow  was  faster  to  light  than  the 
permitted  yellow,  no  one  has  maintained  that  the  yellow  desired 
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was  actually  preferable  to  the  permitted  yellow  wholly  and  solely 
because  of  its  superior  fastness  to  light. 

The  blue  has  been  criticized  because  it  is  not  of  the  proper  shade 
to  permit  of  its  use  in  the  bluing  of  sugar,  but  the  substitute  offered 
therefor  has  not  been  supported  by  its  sponsors  in  a  way  to  indicate 
that  a  defect  of  serious  magnitude  exists.  On  the  grounds  of  suffi- 
ciency and  of  efficiency  the  list  of  permitted  colors  selected  appears 
to  have  been  justified  by  the  absence  of  any  real  or  substantial  com- 
plaint against  them,  on  either  or  both  of  these  grounds,  during  a 
period  of  more  than  three  years. 

None  of  the  seven  permitted  colors  is  patented;  their  manufacture 
and  their  purification  are  open  to  all,  and  none  of  the  80  colors  on 
the  market  in  the  summer  of  1907,  with  perhaps  one  exception,  had 
been  discovered  since  1891 ;  in  other  words,  the  advances  in  the  coal- 
tar  industry  from  1891  to  1907  had  added  nothing  to  the  colors 
serviceable  to  the  art  of  food  coloring. 

The  list  of  colors  permitted  in  Food  Inspection  Decision  No.  76 
embraces,  therefore,  a  sufficient  number  of  colors  for  all  legitimate 
food-coloring  purposes,  the  coloring  of  fats,  oils,  butter,  etc.,  excepted, 
for  which  no  suitable  color  had  been  examined  and  reported  in  the 
literature  as  being  harmless  and  fit  for  use  in  foods;  they  can  be  made 
by  any  one;  no  one  can  have  a  monopoly  in  any  one  of  them  by 
virtue  of  patents;  any  competent  maker  can  make  all  or  any  of 
them  and  purify  them  to  the  required  degree  of  cleanliness.  The 
standards  growing  out  of  the  control  exercised  by  the  Department  of 
Agriculture  are  such  as  to  insure  that  the  colors  used  for  food-coloring 
purposes  possess  a  proper  degree  of  cleanliness  and  such  a  degree  of 
cleanliness  is  commercially  feasible  and  is  a  commercial  reaUty. 

The  policy  adopted  in  this  respect  is  therefore  justified  not  only 
from  the  viewpoint  of  the  history  of  the  attempts  on  the  part  of 
various  governments  to  control  the  quality  of  food  colors,  but  also 
by  the  results  actually  obtained  by  its  adoption.  This  policy  of 
restricting  food  colors  to  certain  chemical  individuals  and  demand- 
ing that  those  possess  certain  qualities  is  in  complete  harmony  with 
the  following  suggestion  made  to  the  commission  on  rules  and  regu- 
lations imder  the  food  and  drugs  act,  at  its  hearing  in  New  York, 
in  September,  1906. 

Any  kmd  of  a  hanoleaB  color  should  be  pennitted,  provided  it  is  not  a  color  generally 
known  to  be  poisonoua,  or  generally  found  to  be  poisonouB,  or  one  that  may  be  almoot 
impoflBible  to  be  {»oduced  without  containing  aome  poison  within  itself  when  finished 
and  ready  for  use.  Coal-tar  colors,  as  a  class,  should  not  be  prohibited,  but  all  those 
coal-tar  colors  generally  found  to  be  poisonous,  or  which  are  hard  to  produce  without 
containing  some  poisonous  iffoperties  when  ready  for  use,  should  be  forbidden  the 
privilege  of  being  used,  or  offered  for  sale  for  use  in  food. 

Under  the  provisions  of  section  2,  we  have  this  to  recommend  to  the  commission, 
ttiat  every  person  selling  or  using  a  coal-tar  color  in  food  or  drink,  should  be  required 
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to  securei  either  on  his  own  account,  or  from  the  person  from  whom  he  buys  such  color, 
a  certificate  to  the  effect  that  the  identical  color  used  has  been  tested  for  poisonous 
ingredients,  and  is,  to  the  knowledge  of  the  chemist  making  the  test,  absolutely  harm- 
less. The  chemist  should  be  required  to  be  a  competent  physiological  chemist,  and 
must  certify  as  above  under  oath.  This  would  mean  not  that  each  package  of  color 
would  have  to  be  tested,  but  that  every  batch  would  have  to  be  tested,  and  the 
certificate  would  then  be  held  to  relate  to  every  batch.  Such  tests  should  be  made 
in  the  United  States  and  the  chemist  certifying  should  reside  in  and  be  a  citizen  of 
the  United  States. 

It  should  not  be  deemed  sufficient  to  have  any  particular  brand  of  coal-tar  color 
tested  once,  and  a  blanket  certificate  given,  covering  the  whole  brand  as  long  as  it  may 
be  sold,  but  every  ounce  of  coal-tar  color  put  out  by  a  color  manufacturer  should  be 
shown  by  actual  test  to  be  harmless. 

While  the  exact  mode  of  reaching  the  end  in  view  is  somewhat  dif- 
ferent from  the  one  suggested  above,  yet  the  fundamental  object,  that 
each  batch  of  color  used  in  foods  shall  be  specifically  tested,  and  that 
such  colors  shall  be  harmless,  is  attained  with  reasonable  certainty; 
and  although  there  are  colors  other  than  these  seven  which  are 
undoubtedly  equally  as  Uttle  objectionable,  and  while  it  is  true  that 
the  present  policy  contemplates  the  permitted  use  of  but  seven 
specific  colors,  yet  that  poUcy,  as  before  outlined,  is  sufiiciently  broad 
and  elastic  to  enable  the  addition  of  a  color  to  the  permitted  list, 
when  it  is  shown  that  such  color  really  fills  a  need,  not  properly  satis- 
fied by  one  of  the  colors  already  permitted  or  some  combination  of 
these,  and  is  in  and  of  itself  harmless.  There  can  be  no  objection  to 
the  expansion  of  the  list  to  such  an  extent  as  to  include  every  harmless 
coal-tar  color  in  existence;  but  the  burden  of  proving  such  real  need 
and  harmlessness  is  very  properly  placed  upon  those  who  are' seek- 
ing such  expansion. 

As  far  back  as  1892  the  following  statement  was  made  on  page  IV 
of  the  Leffmann  translation  of  Weyl's  book  on  coal-tar  colors,  in  con- 
nection with  the  various  European  legislative  enactments:  ''It  is 
certain  that  none  of  these  plans  is  even  approximately  satisfactory 
and  the  problem  will  be  even  more  difficult  of  solution  in  the  United 
States;  indeed,  it  seems  to  me  to  be  unsolvable."  In  view  of  this 
opinion  the  results  of  the  food  inspection  decisions  as  herein  shown 
may  properly  be  regarded  as,  at  least,  a  step  in  the  right  direction 
toward  the  solution  of  this  problem. 

This  opinion  is  further  supported  by  C.  A.  Neufeld  who,  in  review- 
ing Food  Inspection  Decision  No.  76,  says:  ''The  idea  of  permitting 
only  specific  selected  coloring  matters  for  use  in  the  production  of 
articles  of  food,  and  of  excluding  all  other  colors  from  such  uses,  must, 
in  the  interest  of  control  of  articles  of  food,  be  regarded  as  an  extra- 
ordinarily happy  one;  a  similar  regulation  is  to  be  urgently  recom- 
mended for  our  own  country."  (Zte.  Nahr.  Genusmi.,  1908,  v.  15, 
p.  434.) 
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IDEHTITT  OF  COAL-TAB  COLOBS  USED  IV  FOOD  PBODVCTS  IV 
THE  UJNllJuD  STATES  IE  1907. 

COLLECTION  OF  SAMPLES. 

The  question  "Which  coal-tar  colors  shall  be  permitted  for  use  in 
coloring  such  food  products  as  are  to  be  consumed  within  the  United 
States!"  can  be  answered,  "All  colors  now  in  use,  or  to  be  used  for 
that  purpose,  provided  they  are  harmless  and  necessaiy  as  defined  on 
page  14." 

This  involves  the  further  questions: 

1.  Which  coal-tar  colors  of  the  695  different  chemical  individuals 
now  on  the  world's  markets  are  actually  used  in  the  United  States  for 
that  purpose  ? 

2.  If  restricted  to  such  coal-tar  colors  as  are  now  in  use  in  the 
United  States  for  this  purpose,  would  this  be  likely  to  hamper  or  inter- 
fere with  the  invention  of  other  coal-tar  colors  suitable  for  the 
coloring  of  food  ? 

It  would  be  physically  impossible  to  go  to  eveiy  user  of  coal-tar 
colors  in  food  products  in  the  United  States  and  obtain  specimens  of 
the  coal-tar  colors  so  employed;  this  would  be  impracticable  not  only 
because  of  the  large  number  of  such  users,  and  their  wide  geographical 
distribution,  but  also  because  they  often  do  not  know  what  they  are 
using,  and  further  because  of  a  reluctance,  undoubtedly  to  be  encoun- 
tered among  many,  to  disclose  the  nature  of  the  products  employed. 
This  is  rendered  more  than  Ukely  by  the  attitude  of  some  of  the 
makers  of  coal-tar  colors,  or  their  accredited  agents,  as  will  be  shown 
later. 

However,  the  sources  of  coal-tar  colors  are  limited  in  number.  By 
reference  to  pages  IX  and  X  of  ''A  systematic  survey  of  the  organic 
coloring  matters,"  by  Arthur  G.  Green,  published  in  London  and  New 
York  by  Macmillan  &  Co.  (Ltd.),  in  1904  (hereinafter  referred  to  as 
"Green  Tables"),  it  will  be  seen  that  there  are  approximately  37 
different  concerns  the  world  over  engaged  in  the  manufacture  of  coal- 
tar  colors.  Therefore  a  canvass  of  these  sources  for  such  coal-tar 
colors  as  in  their  judgment,  or  in  their  business  practice,  they  regard 
as  proper  for  use  in  food  products,  is  the  best  way  of  arriving  at  a  fair 
demarcation  of  the  field  of  coal-tar  colors  here  in  question. 

Communication  was  therefore  had  with  13  actual  manufacturers  of 
coal-tar  colors,  hi  an  endeavor  to  obtain  from  them  such  coal-tar 
colors  as  in  their  judgment  or  business  practice  are  suitable  for  use,  or 
are  used  in  food  products. 

A  request  was  also  made  for  information  as  to  the  chemical  com- 
position of  the  coal-tar  color  specimens  submitted;  in  order  to  avoid 
confusion,  it  was  further  asked  that  reference  be  made  to  the  Green 
Tables,  in  which  each  chemical  individual  or  coal-tar  color  has  its 
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own  number,  and  if  any  of  the  contributed  specimens  was  not  so  listed 
that  the  chemical  composition  be  stated  in  a  manner  analogous  to 
that  used  in  the  Green  Tables.  This  procedure  was  necessary  in 
order  to  reduce  the  terminology  to  a  common  and  nonequivocal  basis. 
Out  of  the  13  makers,  or  their  accredited  sole  importers  or  selling 
agents  in  the  United  States,  who  were  consulted,  9  have  ^uppUed  the 
specimens  requested;  the  remaining  4  promised  to  contribute,  but 
have  not  done  so.  In  the  following  table  is  shown  the  amoimt  and 
character  of  the  information  obtained: 

Tabulation  of  distribution  of  replies  and  character  of  information  received. 


Oeographical  distribution. 

Number 
of 

samples 
contri- 
buted. 

Number 

of 
samples 
referred 

to 
Oreen 
Tables. 

Number 

of 
samples 

not 
referred 

to 
Oreen 
Tables. 

No 

CoQDtey. 

Coal-tar 

color 
makers. 

ICakers 

asked 
to  send 
samples. 

ICaken 

not 
sending 
samples. 

ICakeiB 
sending 
samples. 

composi- 
tion or 
ambigu- 
ous ter- 
minology. 

Owm^mv 

16 
8 

6 

1 
1 
3 
2 

6 

1 

181 
12 

106 
12 

1 

74 

EDffUin<f 

Prance .  ...... 

1 
3 

Switserland 

United  states 

2 

61 

35 

5 

21 

TTnllAnH   .    . 

B4^Urhmi 

TotaL 

37 

13 

4 

0 

254 

153 

6 

95 

In  order  to  make  provision  for  the  24  makers  Usted  in  the  Green 
Tables  and  not  included  in  the  13  makers  addressed  requests  for 
samples  were  sent  to  two  domestic  houses  which  import  coal-tar  colors 
from  scources  other  than  the  above,  for  use  in  food  products;  their 
products  must  fairly  represent  any  of  the  colors  not  covered  by  the 
13  makers  addressed.  Of  these  two  importers,  one  responded  with 
13  samples,  and  of  each  he  gave  the  number  in  the  Green  Tables 
corresponding  to  each  specimen;  the  other  importer  has  not  redeemed 
his  promise  to  contribute  specimens. 

A  third  importer  volimteered  the  Green  Table  numbers  of  four  out 
of  five  coal-tar  colors  used  in  his  business,  but  could  not  even  approx- 
imately say  what  the  remaining  color  was  chemically.  He  did  not 
contribute  any  specimens,  nor  was  that  necessaiy  at  the  time  this 
information  was  volimteered. 

A  fourth  importer  contributed  specimens  of  five  coal-tar  colors 
needed  in  his  business,  but  was  able  to  give  Green  Table  numbers  for 
only  three  of  them;  he  could  not  give  even  approximately  the  chem- 
ical composition  of  the  remaining  two. 

Out  of  the  17  responsible  concerns  consulted  5,  or  29  percent,  have  not 
found  it  to  their  interest  to  contribute  either  specimens  or  information. 
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GBEEN    TABLE    NUMBEBS. 

Out  of  the  284  specimens  contributed,  or  reported  on,  172  (60.6 
per  cent)  were  identified  as  to  their  chemical  composition,  by  refer- 
ence to  the  Green  Tables;  6  (2.1  per  cent)  were  otherwise  imequivo- 
callj  identified  chemically,  and  for  106  (37.3  per  cent)  the  makers, 
or  their  responsible  agents,  declined  to  state. the  chemical  composi- 
tion, i.  e.,  62.8  per  cent  were  imequivocallj  identified,  and  the  remain- 
ing 37.3  per  cent  were  not  so  identified. 

The  specimens  submitted  are  therefore  divisible  into  the  following 
three  classes: 

Class  I.  Those  for  which  numbers  were  given  in  the  Green  Tables, 
numbering  172. 

Class  II.  Those  whose  composition  was  given  in  chemical  language, 
numbering  6. 

Class  III.  Those  whose  composition  was  not  given  in  any  lan- 
guage capable  of  correct  and  certain  translation  into  chemical  terms, 
numbering  106. 

Consider  Class  I.  The  Green  Tables,  page  VI,  divide  the  coal-tar 
colors  into  21  groups,  comprising  695  different  chemical  individual 
coal-t&r  colors.  The  172  members  of  Class  I  number  in  all  74  indi- 
viduals, or  10.6  per  cent  of  the  Green  Tables,  and  fall  into  11  of  the 
21  groups  of  those  Tables. 

The  following  table  classifies  the  samples  according  to  the  Green 
Table  groups: 

Green  Table  groups  arul  number  of  collected  iomples  falling  within  them. 


"^.rffiSJ^' 

Number 
of  mem- 
bers  in 
group. 

Collected    samples 
ftOUng  Into   the 
sevend  groups. 

Color  groups  of  the 
Oraoi  iVbles. 

ofmemr 
ben  in 
group. 

CoUected    samples 
falling   into   the 
seveial  groups. 

Number. 

Percent. 

Number. 

Percent. 

Nttn 

6 

las 

204 
46 
11 

5 
18 

8 

2 
66 
86 

6 

1 

80 
11 

16 
24 

Anthnoene 

Indophenol 

ArInT . 

87 
8 

88 

32 
9 
6 
4 

21 
7 

Ifonosco 

Pin»>...           ,   . 

2 

5 

TtIsmo 

Oxasln 

Tf^nkktBto...     . 

Thiaxtn.. 

2 

22 

Nttnto 

1 

20 

Thiasol 

fttllhfflf. 

QuinoUn 

1 

25 

DiphenylTnettiane.  I 
Tr^cnylmeUiane. 
Xantbffifi 

RnlphM 

1 

16 
9 

60 
28 
26 

Indigo 

1 

15 

605 

74 

10.6 

AiwMft^.... 

d7291*»— BuU.  147—12 2 
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SOUBCE. 


The  distribution  of  the  74  different  chemical  individuals  of  Class  I 
among  the  12  different  sources  from  which  they  were  obtained  is  as 
follows:  / 

DistnbuHon  of  the  74  different  samples  of  Class  I  among  the  It  sovrces  supplying  same. 


Number. 

Percent. 

Number 
of  sources 
from 
which 
each 
came. 

Number. 

Percent. 

Number 
of  sources 
ttom 
which 
each 
came. 

35 
20 
4 

4 
5 
3 

47.3 

27 
5.4 
5.4 
8.1 
2.7 

1 
2 
3 
4 

5 
6 

1 
1 
0 

1 
0 
0 

1.35 
1.36 

7 
8 
9 
10 
11 
12 

1.35 

It  follows  from  this  table  that  there  is  very  little  unanimity  among 
the  different  concerns  furnishing  coal-tar  colors  for  use  in  food  prod- 
ucts as  to  which  of  their  products  are  desirable,  necessary,  or  suitable 
for  such  tise. 

Inspection  of  this  table  shows  that  only  three  colors  out  of  74, 
or  4  per  cent,  were  wanted  by  more  than  half  of  all  the  sources;  that 
only  6,  or  8.1  per  cent,  were  wanted  by  half  of  the  sources;  and  that 
not  one  of  the  colors  was  wanted  by  all  the  sources.  This  last  state- 
ment is  true  of  manufacturers  as  well  as  importers,  each  group  taken 
by  itself. 

PATENTS. 

This  lack  of  unanimity  is  not  due  to  the  patent  situation,  because 
not  more  than  one  of  these  74  products  is  patented,  and  it  is  more 
than. likely  that  the  United  States  patent  on  this  product  has  long 
since  expired. 

Moreover,  only  6  of  the  12  sources  offered  colors  at  one  time 
patented  by  themselves  or  others.  The  total  number  of  such  ex- 
patented  products  is  45,  and  of  these  only  22  were  offered  by  those 
who  had  patented  them;  the  remaining  23  were  offered  by  sources 
other  than  the  ex-patentees,  and  were  not  offered  by  such 
ex-patentees. 

Patented  colors. 


Total  num- 
ber of 
patented 
products 
offered. 

Ex-patent«d 
products 
offered  by 
patentee. 

Total  num- 
ber of 
patented 
products 
offered. 

Ex-patented 
products 
oflteedby 
patentee. 

11 
16 
6 

7 

2 
8 
6 

4 

1 
4 

1 
2 

45 

22 
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It  would,  therefore,  seem  to  be  rather  clear  that  others  think  more 
favorably  of  such  ex-patented  products  as  food  colors  than  do  the 
original  patentees.  In  view  of  the  fact  that  the  latter  would  generally 
be  in  a  better  position,  and  would  have  greater  opportunity  than  any 
one  else  to  judge  of  the  suitabihty  of  the  patented  products  for  use 
in  food  products,  it  may  welljbe  inferred  that  such  products  are  not 
altogether  free  from  disadvantages  as  food  colors. 

The  second  of  the  two  questions  propounded,  namely,  If  restricted 
to  such  coal-tar  colors  as  are  now  in  use  in  the  United  States  for  this 
purpose,  would  this  be  likely  to  hamper  or  interfere  with  the  invention 
of  further  coal-tar  colors  suitable  for  the  coloring  of  food  products  t 
can  be  answered  "No"  because  none  of  the  colors  submitted  was 
discovered  later  than  1891;  out  of  the  214  coal-tar  colors  since  then 
discovered  not  one  was  among  those  submitted  for  use  in  foods,  and 
out  of  the  481  discovered  in  1891  and  prior  thereto,  only  74  were  so 
submitted,  or  2  out  of  every  13  of  such  colors.  In  the  following 
table  these  data  are  given  year  by  year: 

Coal'tar  colors  discovered  from  1740  to  1891, 


Tear 
ofdia- 
oovery. 

Num- 
ber of 
sub- 
mitted 
colors 
discov- 
ered. 

Total 
num- 
berof 

COAl- 

tar 
colors 
discov- 
ered. 

Year 
ofdi». 
covery. 

Num- 
ber of 
sub- 
mitted 
colors 
discov- 
ered. 

Total 
num- 
berof 
coal- 
tar 
colors 
discov- 
ered. 

Year 
of  dis- 
covery. 

Num- 
ber of 
sub- 
mitted 
colors 
discov- 
ered. 

Total 

bff^f 
coal- 
tar 
odors 
discov- 
ered. 

Year 
ofdi»- 

Num- 
ber of 
sub- 
mitted 
colors 
discov- 
end. 

Total 
num- 
ber of 
coal- 
tar 
cdors 
discov- 
ered. 

1740 
18G6 
U» 
1861 
1802 
1888 
1867 

1871 
1874 
1876 
1876 
1877 
1878 
1879 

12 
7 

6 
4 
12 
0 
10 
26 
23 

1881 
1882 
1883 

1884 
1885 
1886 

4 

5 
0 
8 
2 
3 

11 
20 
26 
16 
21 
32 

1887 
1888 

1890 
1801 

Total. 

1 

1 
1 
3 

29 
36 
46 
33 

74 

378 

SHADES  OF  GOLOB. 

The  su£Bciency  of  the  74  colors  used  for  food-coloring  purposes  in 
the  United  States,  for  any  and  all  tinctorial  ranges,  no  matter  how 
refined,  appears  from  the  following  table: 

Green  Table  numbers  of  the  74  submitted  colors  showing  shades  and  number  of  sources 

supplying  each. 


Number  of  sooroeB  oat  of  a  possible  12  offering  each  color. 

Total 
number 

Shades 

1 

2 

3 

4 

5 

6 

7 

8 

0 

10 

of  dyes 
oflered 
for  each 
shade. 

Rffd 

104 
106 
160 
340 
684 

66 
106 
146 
462 

106 

108 

107 

12 
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Green  Table  numbers  of  the  74  suhmiUed  colors  ahowina  shades  and  number  of  sources 
supplying  each — Continuea. 


Number  of  sources  out  of  a  possible  12  offering  each  color. 

Total 
number 

Shadea. 

1 

2 

8 

4 

5 

6 

7 

8 

9 

10 

of  dyes 
oflM 
for  each 
shade. 

Blue  red 

602 
518 
520 
623 

512 

448 

504 
517 

7 

54 
610 

63 
64 

66 

89 
269 
329 

9 

YeUowtehred 

3 

Scarlet 

55 

3 

Bluish  scarlet 

... 

1 

YeUow 

510 

8 

04 

4 

7 

*" 

Reddish  yellow 

84 
14 

17 
85 
05 

650 

2 

Oran^  yrilow 

13 

2 

667 

18 
97 

439 
476 
480 
665 

440 

468 

464 

287 

433 
434 

425 

2 

Onngiff 

86 

6 

Blue 

692 

0 

Qreen  blue 

1 

VWet 

452 

451 

3 

Blue  violet 

1 

Oraylah  violet 

1 

Qreen 

398 

435 

4 

Blue  green 

427 

1 

YeUowtreen 

428 

1 

101 
137 
130 

3 

Reddish  brown 

201 

197 

2 

Blue  black 

188 
601 

1 

Blue  to  bluish  red  to  violet, 
according  to  brand 

1 

Oil-soluble  colors 

10 
49 
60 

11 

' 

4 

Total 

35 

20 

4 

4 

5 

3 

1 

1 

1 

74 

The  six  colors  comprismg  Class  II  (those  not  listed  in  the  Green 
Tables  but  whose  composition  was  avowed  or  disclosed)  are  one 
black,  one  yellow,  and  one  orange  among  the  water-soluble  colors, 
and  three  yellows  among  the  water-insoluble  colors.  Therefore  two- 
thirds  of  the  United  States  market  as  thus  disclosed  calls  for  a  total 
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of  80  di£Perent  chemical  individuals,  of  which  73  are  water-soluble  and 
7  are  water-insoluble  and  are  used  as  oil  or  fat  colors.  The  remain- 
ing third  of  the  makers  or  dealers  either  do  not  possess  the  information 
or  are  unwilling  to  give  it.  No  attempt  has  yet  been  made  to  enter 
systematically  into  this  unknown  region,  but  careful  examination 
warrants  the  belief  that  it  can  add  nothing  of  material  value  to 
the  data  already  obtained  which  show  a  total  of  23  shades  for  the 

73  water-soluble  coal-tar  colors,  summarized  as  follows: 

>* 

Number  ofcoal'tar  colors. 


5  red  shades 26 

4  yellow  shades 14 

1  orange  shade 7 

2  blue  shades 7 

3  violet  shades 6 


Sgreenshades 6 

2  brown  shades 5 

1  blue-black  shade 1 

1  black  shade 1 

1  blue  to  violet  shade 1 


Tlie  water-insoluble  colors  numbering  7  are  not  included,  but  will 
be  treated  separately  (p.  159). 

This  view  of  the  state  of  the  United  States  market  at  or  about  the 
middle  of  the  year  1907  is  without  question  a  true  reflection  of  that 
market  as  far  as  it  goes  and  the  actual  extent  of  the  coal-tar  color 
market  beyond  those  covered  by  this  canvass  of  it  is  not  likely  to  be 
very  great.  In  support  of  this  view  is  the  interchangeable  treatment 
of  formerly  patented  products,  the  great  lapse  of  time  since  a  new  food 
color  was  discovered,  and  the  fact  that  out  of  the  74  colors  submitted 
and  contained  in  the  Green  Tables  only  23  are  now  less  than  25  years 
old,  and  none  is  less  than  16  years  old. 

All  the  Green  Table  numbers  and  the  number  of  sources  out  of  a 
possible  12  offering  them  are  given  in  the  following  table: 

Number  of  sources,  out  of  a  possible  It,  offering  colors  designated  in  1907.. 


Oreen 

Oreen 

Oreen 

Oreen 

Table 

Sources. 

Table 

Sooioee. 

Table 

Sources. 

Table 

Sources. 

No. 

No. 

No. 

No. 

'1 

10 

86 

8 

240 

476 

1 

80 

260 

480 

1 

0 

04 

287 

£02 

2 

10 

05 

320 

604 

5 

11 

07 

308 

510 

4 

13 
14 
17 

101 

425 

512 

3 

103 

427 

516 

1 

104 

428 

617 

5 

18 

105 

433 

518 

2 

49 

106 

434 

520 

2 

53 

tar 

^ 

523 

2 

64 

106 

584 

1 

66 

137 

440 

601 

1 

se 

130 

448 

6S0 

2 

eo 

146 

451 

655 

1 

04 

160 

452 

C67 

1 

65 

188 

462 

2    ' 

69S 

3 

84 

107 

464 

85 

201 

468 

1  ItaHdsad  figures  Indicate  colon  permitted  by  F.  I.  D.  76. 
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Nine  manufacturers  sent  261  specimens,  an  average  of  29  each, 
distributed  as  follows:  70;  38;  20;  20;  15;  43;  25;  18,  and  12.  Two 
importers  sent  5  specimens  each,  and  one  13,  a  total  of  23  specimens, 
and  an  average  of  8.  These  figures  reflect  a  diversity  of  opinion  as 
to  what  is  needful  for  food  coloring,  since  each  one  of  these  12  makers 
or  importers  beheved  that  for  all  practical  food-coloring  purposes 
his  selection  was  complete  and  sufficient. 

Classifying  the  284  specimens  as  red,  yellow,  brown,  orange,  blue, 
green,  violet,  and  black,  "the  following  table  is  obtained  showing  the 
different  requirements  of  each  of  the  12  makers  or  importers  to 
produce  the  necessary  shades  of  the  eight  colors  mentioned: 

Total  specimens  tubmiUed,  grouped  by  makers  and  colors,  showing  number  of  shades 

^  required  by  each. 


Maker's 
nuinbor. 

Red. 

Yel- 
low. 

Brown. 

Orange. 

Blue. 

Qreen. 

Vio- 
let. 

Black. 

Number 

of 
shades 
wanted 
byeaoh. 

Total 
speci- 
mens. 

1 

25 
10 

11 
13 

18 
6 
5 

10 
2 
3 
2 
4 
4 

10 
1 
1 

14 
2 

io* 

2 

1 

i' 

2 

4 
1 
2 
5 
3 
1 
2 
1 
3 
3 
1 

2 
3 

1 
2 
4 
3 

1 
1 

5" 

5 

1 
1 
2 
2 
1 

2 
2 

1 
3 
2 

1 

i' 

i* 

3 
3 

70 
25 
18 
43 
20 
15 
12 
13 
20 
38 
5 
6 

2 

3 

4 

6 

6 

7 

8 

1 

4 
4 

1 
2 
1 

0 

10 

11 

12 

1 

Total.... 
Percent 

Minimum.... 

Ayeraee 

Pennjtted.... 

99 
34.86 
25 
3 
8.25 
3 

66 

23.24 

18 

1 

5.50 

1 

32 

11.27 

14 

26 

0.15 

5 

22 

7.75 
5 

22 

7.76 

6 

16 

6.28 

3 

2 
0.70 

1 

284 
100 

2.75 

2.17 
1 

1.83 
1 

1.83 

1 

1.25 

a  17 

From  this  table  it  appears  that  not  one  of  the  12  sources  desired  all 
of  the  8  shades  into  which  the  284  specunens  are  classifiable  to  make 
up  a  complete  set  of  food  colors;  7  out  of  the  12  sources  wanted  7  of 
the  8  shades;  2  sources  wanted  6  out  of  the  8  shades;  1  source  wanted 
5  of  the  8  shades,  and  2  sources  were  content  with  3  out  of  the  8 
shades. 

It  will  be  noticed  that  the  permitted  list  given  in  Food  Inspection 
Decision  No.  76  provides  for  7  dyes  covering  5  out  of  the  8  shades  of 
the  above  classification.  The  3  missing  shades  are  brown,  violet, 
and  black;  the  shades  provided  are  red,  yellow,  orange,  and  blue. 

It  will  also  be  noticed  that  on  the  whole  6  out  of  the  8  shades  were 
not  wanted  by  one  or  more  of  the  12  sources.  The  itaUcized  shades 
are  the  ones  not  provided  for  by  the  perinitted  list  of  Food  Inspection 
Decision  No.  76. 

Brawn  was  not  wanted  by  5,  nor  orange  by  1,  blue  by  3,  green  by  2, 
violet  by  3,  nor  VUick  by  10. 
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The  combinations  not  wanted  were  as  follows :  Five  sources  omitted 
Wocfc  only;  2,  hrown  only;  1  blue  and  hUick;  1  hrcwn  and  hladc;  1 
green,  violet,  and  liUick;  and  1  hrown,  blue,  green,  violet,  and  hladc. 

Not  one  of  these  12  sources  wanted  only  the  three  colors  not  found 
on  the  permitted  list,  and  2  sources  did  not  want  any  of  the  three 
missing  shades  nor  two  of  the  permitted  colors. 

In  view  of  this  large  difference  of  opinion  among  the  12  sources  as 
to  the  shades  needed  to  make  a  complete  set  of  food  colors,  the  5 
shades  selected  for  the  permitted  list  of  Food  Inspection  Decision 
No.  76  seem  reasonably  close  to  any  consensus  of  opinion  derivable 
from  the  tabulation  of  the  collected  facts. 

n.  FUSPOSES  OF  FOOD  COLOBHra. 

The  use  of  any  color  which  conceals  inferiority,  or  which  gives  an 
article  an  appearance  better  than  it  properly  possesses  is,  of  course, 
illegitimate,  and  such  cases  are  not  here  considered.  Among  such 
uses  may  be  mentioned  that  of  color  in  pastry  to  impart  a  yellow 
color  thereto,  impljring  the  presence  of  eggs,  when  they  are  either 
wholly  absent  or  are  not  present  in  sufficient  quantities  to  produce  a 
shade  of  color  which  would  indicate  a  superior  quaUty.  Such  color- 
ing is  frequently  resorted  to  in  macaroni,  spaghetti,  noodles,  and  the 
like,  and  it  has  also  been  stated  in  the  literature  that  such  coloring 
has  the  additional  function  of  concealing  dirt  actually  present  in  the 
flour. 

The  addition  of  red  coloring  matter  to  meat  products  to  give  them 
an  appearance  of  freshness  which  they  do  not  of  themselves  possess; 
the  addition  of  red  coloring  matter  to  strawberry,  raspberry,  and 
similar  jams,  jellies,  and  preserves,  to  give  them  a  color  indicative  of 
exceptional  quaUty,  even  though  they  may  contain  none  of  the  fruit 
whose  presence  is  intimated  by  the  label  on  the  product;  the  injection 
of  red  coloring  matter  into  ordinary  oranges  to  give  them  the  appear- 
ance of  blood  oranges;  the  sprinkling  of  lemons  and  oranges  with 
green  coloring  matter  to  give  them  the  appearance  of  a  particular 
origin  or  of  a  particular  state  of  ripeness  when  such  origin  or  state  of 
ripeness  is  without  foundation  in  fact;  the  injection  of  red  coloring 
matter  into  watermelons  to  give  them  the  appearance  of  ripeness, 
which  ripeness  they  do  not  possess,  are  practices  met  more  or  less 
frequently. 

Among  the  purposes  for  which  food  colors  are  said  to  be  used  and 
the  foods  so  colored,  the  following  are  mentioned  in  the  literature: 

In  European  countries. 

1.  Macaitmi  Ib  colored  with  DinitrocreBol  (2)  (Arch.  Pharm.,  Sd  ««•.,  v.  tt^  p,  6tl) 
and  Martiua  Yellow  (3)  {Weyl,  Handbuch). 

2.  Cocdialfl  and  liqueurs  with  Dinitrocresol  (2)  (Arch,  Pharm.,  Sd  «r.,  v.  22,  p.  621), 
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3.  Orangee:  Biebrich  Scarlet  (163)  (Weyly  Handbuch). 

4.  Paetxy:  Dinitrocresol  (2)  (Weyl,  HancRnich). 

5.  Butter:  Dinitrocresol  (2)  (Weyl,  Handbuch). 

6.  To  whiten  flour:  Anilin  blue  (457)  (Zte.  Nahr.  Genu8am.,  1906,  v.  It,  p.  298), 

7.  Noodles  are  colored  to  cover  up  cigar  butts,  burnt  matches,  mineral  oil,  etc. 
(Zt«.  Nahr,  Genusm,,  Vol  11,  p.  1018). 

In  the  Untied  States, 

8.  Jellies,  fruit  sirups,  soda  sirups,  jams,  ketchup,  cheap  cordials,  lemon  extract, 
milk,  butter,  cheese,  ice  cream,  confectionery,  pastries,  flavoring  extracts,  mustard, 
cayenne  pepper,  sausage,  noodles,  wines,  and  liqueurs  (TTtnton,  Connecticut  Agricul' 
twral  Experiment  Station  Report,  1901,  pp,  179-18S). 

9.  Cattle  feed  is  colored  yellow  {Gudeman,  J.  Amer,  Chem.  Soc.,  1908,  v,  SO,  p.  1623). 

10.  "Egg  color"  (399);  "Macaroni  color"  (94);  "Tomato  cateup  color"  (105); 
"Raspberry  color"  (103);  "Mustard  color"  and  "Re  filling  color"  (4);  "Orange 
color"  (87),  and  "Strawberry  red  color"  (56)  are  corresponding  United  States  com- 
mercial food  color  names  and  their  corresponding  Green  Table  numbers  {Meyer,  J. 
Amer,  Chem,  Soc.,  1907,  v.  29,  p,  896). 

Dr.  E.  Ludwig,  of  Vienna,  stated,  upon  the  authority  of  Dr. 
Schacherl,  at  the  International  C)ongress  of  Medicine  held  in  Budapest, 
in  August,  1909,  as  follows: 

The  rather  widely  distributed  practice  of  coloring  baker's  goods  yellow,  such  as 
cskkes  and  the  like,  further  the  yellow  coloring  of  pastry,  macaroni,  noodles,  and  so 
forth,  has  as  its  function  the  representation  of  a  very  laige  egg  content  in  them;  this 
coloring  has  been  made  very  convenient  because  there  are  in  conmierce  colors  intended 
specifically  for  this  purpose  and  designated  "egg  substitute"  and  which  have  nothing 
whatever  in  conmion  with  egg  yolk. 

Marmalades  such  as  apricot,  raspberry,  and  currant  marmalades  are  frequently  fc/und 
in  a  colored  condition  in  conmierce;  in  this  case  the  purpose  of  the  coloring  is  frequently 
to  cover  up  adulteration;  the  adulteration  may  consist  in  an  admixture  of  a  cheap 
fruit  pulp,  particularly  apple  pulp,  or  in  an  addition  of  glucose  sirup.  Since  these 
admixtures  do  not  possess  the  color  of  the  marmalades  they  are  simply  helped  along 
by  the  aid  of  color. 

Old  fruit  sirups  are  toned  up  with  color  and  then  sold  as  fresh  sirup. 

Red  colored  fermentation  vinegar  and  red  colored  vinegar  essence  as  well  as  vinegar 
made  from  such  essence  are  in  conmierce;  such  coloring  has  for  its  purpose  to  represent 
the  product  as  "genuine  red  wine  vinegar,"  which  in  some  countries  is  highly  desired. 

So-called  "beer  color,''  said  to  be  an  extract  of  roasted  malt  (malt  caramel),  is  in  fact 
nothing  but  ordinary  sugar  caramel  and  is  frequently  from  time  to  time  publicly  adver- 
tised; breweries  themselves  do  not  use  this  preparation,  but  it  has  been  frequently 
shown  that  in  small  taverns  by  means  of  this  color  local  beer  was  converted  into 
Bavarian  beer. 

The  wholesale  coloring  of  coffee  beans  serves  the  purpose  of  representing  a  better 
quality  than  it  actually  is. 

The  coloring  of  cocoa  and  chocolate  by  the  use  of  mineral  additions  and  also  of  coal- 
tar  colors  was  often  proven;  in  this  case  the  coloring  serves  exclusively  to  cover  up 
poor  quality.    In  the  case  of  good  products  such  coloring  is  not  practiced. 

Colored  sauss^es,  and  in  fact  such  with  a  colored  meat  body  as  well  as  such  with  a 
colored  casing,  are  frequently  colored;  coal-tar  colors  and  cochineal  serve  this  purpose, 
the  latter,  however,  only  for  the  meat.  This  coloring  is  to  preserve  in  old  goods  the 
appearance  of  fresh  goods. 

The  green  canned  goods  of  commerce  are  almost  all  colored  with  copper  compounds. 
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Tomato  pulp  frequently  comes  into  commerce  colored  with  a  coal-tar  tolor;  the  pur- 
pose of  eudi  coloring  is  to  impart  to  the  goods  the  appearance  of  having  been  prepared 
with  extraordinary  care.  In  all  these  cases  it  is  not  at  all  a  question  of  a  hannless 
change  of  the  natural  condition  of  the  food  product,  but  of  improper  manipulations 
which  are  adapted  to  deceive  the  purchaser  as  to  the  real  value  of  the  goods;  even, 
indeed,  to  made  the  danger  to  health. 

m.  FOOD-COLOB  BEQUntEMEHTS. 
ADAPTABILITY  FOB  SPECIAL  PT7BPOSBS. 

Not  all  coal-tar  colors  are  adapted  for  use  in  food  products. 
Colors  are  the  more  desirable  for  this  purpose  the  higher  their  tinc- 
torial power,  and  the  greater  the  resistance  they  offer  to  the  action 
of  the  materials  with  which  they  are  to  be  used,  and  under  the  con- 
ditions existing.  Obviously  only  such  colors  as  of  themselves  have 
their  tinctorial  properties  fully  developed  can  be  used,  and  all  such 
colors  as  require  a  mordant  to  develop  or  bring  out  the  color  are  not 
fit  for  nor  capable  of  use  in  food  products. 

Further,  if  the  colored  material  is  subjected  to  varying  tempera- 
tures in  the  process  of  manufacturing  foods,  it  should  be  able  to 
withstand  the  effects  of  such  temperatures,  as,  for  example,  in  the 
manufacture  of  candies.  The  colors  should  also  withstand  the  action 
of  reducing  agents,  such  as  are  generated  in  the  course  of  fermenta- 
tion and  decomposition  of  the  food  product,  or  where  a  preservative 
such  as  sulphur  dioxid  is  added  to  the  food  product  to  minimize  the 
effect  of  decomposition  of  the  food  upon  the  color.  Such  colors  are 
put  on  the  European  market,  and  perhaps,  but  not  necessarily, 
on  the  United  States  market  with  preservatives  added  to  them. 
Most  of  the  coal-tar  colors  are  susceptible  to  the  action  of  sulphur 
dioxid,  particularly  when  the  latter  has  been  used  in  the  decolor- 
izing of  glucose,  and  Uranin  (510)  is  one  of  the  colors  foimd  to  have 
the  greatest  resistance  to  the  sulphur  dioxid  which  may  remain 
combined  in  candy. 

For  example,  the  book  entitled  **  Henley's  Twentieth  Century 
Book  of  Receipts,  Formulas  and  Processes,"  published  in  1907,  on 
page  359,  says  of  sausage  color: 

It  is  abeolutely  necessary  in  using  aniline  colors  to  add  a  disinfectant  to  the  dye- 
stuff  solution,  the  object  of  which  is,  in  case  the  sausage  should  commence  to  decom- 
pose, to  prevent  decomposition  of  azo-dyestuff  by  the  disengaged  hydrogen.  Instead 
of  boracic  acid,  formaline  may  be  used  as  a  disinfectant. 

J.  Fraenkel  (ArbeU.  Eaiserl.  Gesundh,  190S,  v.  18,  pp,  618-621; 
abst.  Zi8.  Nahr.  Oermasm.,  1902,  v.  6,  p.  986)  reports  as  follows  on 
the  composition  of  colors  used  in  coloring  sausages,  meats,  and 
preserves: 

1.  Blood  color:  Moisture,  16  per  cent;  common  salt,  6.6  per  cent;  borax,  21  per 
cent;  and  Ponceau  2  R  (G.  T.  55). 
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2.  Blood  red  for  meat  juices:  Liquid  of  a  specific  gravity  of  1.0163  not  a£fected  by 
acids  or  alkalis  and  containing  27  per  cent  total  solids;  of  these  total  solids  31  per  cent 
were  salt,  12  per  cent  borax,  and  the  remainder  Ponceau  2  R  (G.  T.  56). 

3.  Casing  red:  This  powder  contained  Orange  II  (G.  T.  86). 

4.  Sausage  red:  A  liquid  containing  Eosin. 

6.  Lobster  color:  A  liquid  of  specific  gravity  1.0064  containing  1.64  per  cent  of 
solids,  of  which  10.9  per  cent  were  salt  and  the  remainder  Ponceau  R  T  (G.  T.  44). 

G.  Possetto  (Zte.  NaJvr.  Unters.  Hygiene  WaarenJc.  1891,  v,  6, 
p.  106)  cited  the  following  15  colors  as  being  used  for  the  coloring 
of  pastry: 


O.T.No. 

TropsBolinOO 88 

TropflBolin  000  No.  1 86 

Tropeeolin  000  No.  2 86 

I  17 
Ghrysoidin 18 

1  41 
Azoflavin 92 


O.T.No. 

Martins  Yellow 3 

Victoria  Yellow -. 2 

Naphthol  Yellow  S 4 

Aurantia  Yellow 6 

Acid  Yellow  G 8 

AcidYeUowR 9 

Citronin 91 

TropsBolinO 84 

Algerian  Saffron  (a  mixture  of  Nos.  4  and  86  and  crocein). 
Prussian  Saffron  (composition  not  given). 

''Blood-red^*  on  the  American  market  is  starch  colored  with  red  coal-tar  colors 
(JWrf.,  1896,  v.  10,  p.  114). 

'' Butter  yellow"  is  a  clear  saponifiable  oil  of  reddish-yellow  color,  containing 
3  per  cent  of  anilin-azo-dimethylanilin  (No.  16  of  the  Green  Tables). 

PBOPOBTION  OF  COAL-TAB  COLOB  TTSEB. 

The  amount  or  proportion  of  coal-tar  color  used  has  been  variously 
stated.  On  page  IV  of  the  Leffmann  translation  of  Weyl's  book 
entitled  ''The  Sanitary  Relations  of  the  C!oal-Tar  Colors/'  it  is 
stated  that  1  ounce  of  Auramin  (6.  T.  425)  will  color  2,000  pounds 
of  confectionery,  which  means  1  part  of  color  in  32,000  parts  of 
colored  product. 

Frentzel  (Zte.  Nahr.  Germsem.,  1901,  v.  4,  pp.  968-974) f  on  author- 
ity not  given,  says  that  for  sirups  1  part  of  color  is  used  to  from 
4,000  to  5,000  parts  of  sirup;  in  colored  sugars  1  part  of  coloring 
matter  to  from  1,333  to  4,000  parts  of  sugar;  and  in  flour  1  part  of 
coloring  matter  to  from  666  to  1,000  parts  of  flour. 

In  pastry  1  to  100,000  parts  (Zts.  Nahr.  UrUers.  Hygiene,  WaarenJc. 
1S9S,  V.  7,  p.  34). 

In  chapter  VII  (p.  47),  sections  15,  16,  17,  and  18,  are  brought 
together  statements  made  before  the  commission  on  regulations  for 
the  Federal  food  and  drugs  act,  as  to  the  amount  of  color  contained 
in  colored  food  products.  Briefly  these  are  as  follows:  Confec^ 
tionery,  1  part  of  color  in  3,500  parts  of  product;  beverages  1  part 
of  color  in  128,000  parts,  256,000  parts,  1,024,000  parts;  butter,  420 
grains  of  color  to  1,000  pounds  of  butter;  or  1  part  of  color  to 
16,666  parts  of  butter. 
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One  ounce  of  color  to  30  pounds  of  ''colored  food;''  the  colored 
food  was  not  further  defined;  which  means  1  part  of  color  in  480 
parts  of  colored  product. 

It  has  further  been  represented  that  1  part  of  color  is  suflBcient 
to  whiten  260,000  parts  of  yellow  sugar. 

From  time  to  time  others  have  presented  information  as  to  the 
amount  of  color  used  in  food  products.  All  of  these  data  available 
have  been  tabulated,  showing  the  number  of  parts  of  colored  product 
containing  1  part  of  coal-tar  color,  arranged  in  the  order  of  the 
amounts  present: 


Food» 

Do» 

Flour 

Do 

Sugar 

Gonfectionery. 

Sirupe 

Sugar 

Sirupe , 

Confectionery. 
Butter 


Confectionery. 


100 

480 

666 

1,000 

1,333 

3,600 

4,000 

4,000 

5,000 

12,800 

16,666 

20.000 


Confectionery 24, 576 

Do 30,000 

Do 32,000 

Beverages 80,000 

Pastry 100,000 

Beverages 120,000 

Do 128,000 

Confectionery 192, 000 

Whitening  sugar 250, 000 

Beverages 256,000 

Do 1,024,000 


Grouped  according  to  the  kind  of  material  colored,  the  ranges 
given  are  as  follows: 


Beverages 80,000; 

120,000;  128,000; 
256,000;  1,024,000 

Butter 16,666 

Confectionery 3, 500: 

12, 800;  20, 000 
24, 576;  30, 000 
32,000;  192,000 

Flour 666; 

1,000 


Food. 


UOO; 

M80 

100,000 

1,333; 

4,000 
4,000; 

5,000 
Whitening  sugar 250, 000 


Pastry. 
Sugar.. 

Sirupe. 


These  statements  have  emanated  from  persons  presumably  ac- 
quainted with  the  facts  of  their  own  practice,  and  if  that  presumption 
is  correct  it  appears  that  there  are  wide  variations  in  practice  not 
only  among  individual  users,  but  for  individual  colors.  No  attempt 
has  been  made  to  prove  or  disprove  these  statements  by  actual  deter- 
mination of  the  amount  of  color  contained  in  commercial  colored 
food  products. 

The  80  chemical  individuals  on  this  market  for  food-coloring  pur- 
poses, it  can  be  fairly  assumed,  have  been  tested  and  tried  out  as  to 
their  utility,  and  in  this  respect  further  tests  were  r^arded  as  super- 
fluous and  therefore  have  not  been  undertaken. 


I  Kind  DOt  definitely  stated. 


s  Said  to  be  for  preserved  tomatoes. 
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SUITABILITY  OF  SHADES  OF  PBBMITTEB  COLORS  AND  MIXTUBBS 

OF  SAME. 

The  shades  produced  by  the  seven  permitted  colors  are,  respec- 
tively, yellow,  orange,  blue,  green,  red,  bluish  scarlet,  and  brilliant 
cherry  red.  As  statements  are  found  in  the  Uterature  against  the 
use  of  all  of  the  chemical  individuals  producing  a  brown  or  a  violet 
shade,  it  will  be  necessary  to  produce  these  shades  by  a  proper  com- 
bination of  two  or  more  of  the  permitted  colors.  So  far  no  criti- 
cism with  regard  to  the  shades  produced  by  the  seven  colore  them- 
selves and  by  their  appropriate  mixture  has  been  made  that  has  been 
substantiated. 

Objection  has  been  made  to  the  violet  producible  from  blue  and 
red,  on  the  ground  that  when  appUed  to  a  food  product,  such  as 
candy,  the  component  parts  do  not  evenly  fix  themselves  upon  the 
material.  This  objection,  however,  has  not  been  pressed  and  proba- 
bly is  not  well  taken,  because  of  the  fact,  frequently  reported,  that 
few,  if  any,  coal-tar  colore  are  used  without  admixture  of  one  or  more 
other  colore  to  shade  or  to  tone  the  original  color.  This  criticism, 
therefore,  of  the  use  of  mixed  colore  can  be  regarded  as  not  a  serious 
objection. 

One  criticism  urged  with  considerable  pereistency  against  the  seven 
permitted  colore  was  that  none  of  them  would  withstand  the  action 
of  the  organic  acids  ordinarily  found  in  beverages  such  as  lemonade, 
and  it  was  su^ested  that  no  color  was  proper  for  use  for  such  pur- 
poses which  would  not  withstand,  unaltered,  for  a  period  of  12  houre 
the  action  of  a  10  per  cent  solution  of  citric  acid.  In  urging  this 
objection  substitutes  were  suggested  for  the  permitted  colore.  The 
substitutes  so  urged  were  Tartrazin  (94),  Azorubin  (103),  Orange 
II  (86),  Ponceau  4  GB  (13),  and  one  other  color  designated  as  Scarlet 
SR,  of  whose  chemical  composition  no  information  whatever  was 
forthcoming.  (The  numbers  in  parentheses  refer  to  the  Green  Tables.) 
Of  the  five  colore  su^ested  it  can  be  said  that  concerning  all  but  No. 
103  adveree  statements  are  found  in  the  Uterature,  and  No.  86  is  spe- 
cifically regarded  by  every  observer  but  one  as  being  thoroughly 
poisonous.  The  su^ested  substitute  list  is,  therefore,  objectionable 
on  the  ground  of  injuriousness  to  health. 

To  test  the  validity  of  the  assertion  that  none  of  the  permitted 
colore  could  withstand  the  action  of  citric  acid,  solutions  of  the  sug- 
gested colore,  as  well  as  of  the  permitted  colore,  each  one  in  a  thou- 
sand, were  submitted  to  the  action  of  citric  acid,  added  in  such  quan- 
tity that  it  amounted  to  10  per  cent  of  the  total  bulk  of  solution. 
This  experiment  showed  that  Tartrazin  is  reddened  by  citric  acid, 
whereas  Naphthol  Yellow  S  loses  in  tinctorial  power  to  a  slight  extent. 
The  shade  produced  by  Ponceau  4GB  can  be  closely  imitated  by  a 
mixture  of  Naphthol  Yellow  S,  Orange  I,  and  Amaranth,  all  per- 
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mitted  colors.  There  is  no  choice  whatever  in  the  shade  produced 
by  the  desired  Azorubin  and  the  permitted  Amaranth,  nor  is  there 
any  difference  in  behavior  toward  citric  acid.  The  difference  in  the 
shade  between  the  desired  Orange  II  and  the  permitted  Orange  I  is 
so  small  that  it  requires  a  side-by-side  comparison  to  distinguish 
between  them.  Moreover,  the  desired  Orange  II  produces  a  precipi- 
tate when  brought  in  contact  with  the  citric  acid,  whereas  the  per- 
mitted Orange  I  does  not  so  precipitate.  The  permitted  Erythrosin 
is,  of  course,  completely  precipitated  by  the  citric  acid.  The  per- 
mitted Light  Green  and  Indigo  disulphoacid  are  weakened  in  tinctorial 
power  by  the  addition  of  the  citric  acid.  Of  these  colors  the  only 
ones  used  to  any  extent  in  beverages,  so  far  as  either  the  suggested 
or  permitted  list  is  concerned,  are  red,  yellow,  green,  and  orange. 

As  has  been  shown  the  permitted  reds  equal  the  desired  reds  and 
the  permitted  orange  is  better  than  the  desired  orange.  The  tinc- 
torial power  of  the  permitted  yellow  is  not  so  great  as  the  tinctorial 
power  of  the  desired  yellow,  but  this  difference  is  so  slight  that  the 
objection  urged  against  the  list  of  permitted  colors,  namely  that  they 
were  so  poor  in  quality  that  they  had  destroyed  a  profitable  and 
lucrative  business  in  the  coloring  of  beverages,  is  untenable  in  view 
of  the  fact  that,  assuming  a  price  of  $1  per  pound  for  Tartrazin,  and 
40  cents  for  Naphthol  Yellow  S,  and  using  them  in  the  proportions 
necessary  to  produce  a  lemonade  color  in  a  10  per  cent  citric  acid 
solution,  it  would  take  5,000  quarts  of  finished  lemonade  to  cause 
an  increase  of  1  cent  in  the  cost  of  the  production  of  the  colored 
food  product;  that  is,  it  increases  the  price  per  quart  by  one 
five-thousandth  of  a  cent. 

It  has  also  been  urged  that  the  permitted  green  is  not  good  enough 
for  cordials  and  liqueurs,  and  that  it  is  impossible  to  bring  about  the 
proper  green  by  the  use  of  the  permitted  yellow  and  blue.  This  criti- 
cism, however,  has  not  been  persisted  in;  the  fact  is  that  mixtures  of 
the  permitted  yellow  and  blue  can  be  made  so  as  to  obtain  any  desired 
shade  of  green,  having  a  yellow  or  blue  cast,  and  great  clarity  and 
brilliancy.  How  these  mixed  colors  would  look  after  a  long  period 
of  time  has  not  been  ascertained. 

It  has  also  been  said  that  the  permitted  red,  Amaranth,  is  not  a 
color  suitable  for  the  coloring  of  strawberry  jams  and  it  has  been  urged 
that  the  same  chemical  individual  under  another  commercial  name 
is  better  than  the  permitted  red.  This  criticism  has  not  been  pressed, 
probably  for  the  reason  that  it  can  not  be  substantiated. 

Again  it  was  claimed  that  the  deposits  to  be  noticed  in  bottled 
lemonades  were  due  to  Naphthol  Yellow  S,  but  solutions  of  Naphthol 
Yellow  S  in  citric  acid  have  remained  without  deposit  for  upward  of 
15  months;  it  is  possible  that  such  precipitation,  if  observed,  may  be 
due  to  an  admixture  of  the  nonpermitted  Orange  II  with  Naphthol 
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Yellow  S,  and  this  difficulty  can  be  obviated  by  the  use  of  the  per- 
mitted Orange  I,  which  does  not  precipitate  in  the  citric  acid,  as 
shown. 

Naphthol  Yellow  S  has  been  objected  to  on  account  of  the  bitter 
taste  it  is  said  to  impart  to  the  beverages  to  which  it  is  added,  and 
steps  have  finally  been  taken  by  those  interested  to  have  another 
yellow  placed  on  the  permitted  list. 

It  has  also  been  objected  that  the  permitted  blue  is  not  suitable  for 
the  coloring  of  sugar,  first,  because  it  is  soluble,  and  second,  because 
of  the  unsatisfactory  shade.  It  may  be  sufficient,  in  answer  to  this 
criticism,  to  state  that  there  was  no  insoluble  blue  offered  on  this 
market,  and  there  was  no  blue  other  than  the  one  permitted  offered 
against  which  adverse  statements  did  not  exist  in  the  literature,  and 
in  view  of  this  state  of  affairs  the  criticism  may  be  said  to  be  not  well 
taken. 

As  against  all  these  specific  criticisms  it  has  been  repeatedly  stated 
by  those  in  a  position  to  know  that  they  have  found  no  difficulty 
whatever,  by  suitable  mixtures  of  permitted  colors,  in  reproducing 
any  desired  shade  of  any  desired  quality,  not  even  excepting  browns 
and  violets. 

Considering  all  of  these  criticisms,  therefore,  the  conclusion  seems 
reasonable  that  there  is  no  serious  or  permanent  objection  to  be  made 
against  the  seven  colors  selected,  either  as  to  qualities  for  food- 
coloring  purposes  or  range  of  producible  shades. 

17.  COHFOBMITT  OF  FOOD-COLOB  HABKET,  1907,  TO  BECOM- 
MEVDATIOVS  OF  THE  VATIOVAL  COHFECTIOHEBS'  ASSOCIA- 
TION, 1899.' 

Having  thus  shown  that  the  food-color  market  of  the  United  States 
contains  not  less  than  80  coal-tar  colors  which  are  distinct  chemical 
individuals,  of  which  74  are  entered  in  the  Green  Tables  and  6  are 
not,  the  next  question  to  be  considered  is  whether  all  of  these  sub- 
stances are  harmless  and  fit  for  use  in  food  products. 

As  a  guide  in  determining  this  point  the  ''Official  circular  from  the 
executive  committee  of  the  National  Confectioners'  Association  of  the 
United  States,"  pertaining  to  colors  in  confectionery,  dated  February  1, 
1899,  may  well  be  considered. 

The  function  of  this  circular  is  said  to  be  ''to  throw  li^t  upon  the 
vexed  question  of  what  colors  may  be  safely  used  in  confectionery," 
evidently  because  "there  may  at  times  be  a  doubt  in  the  mind  of  the 
honest  confectioner  as  to  which  colors,  flavors,  or  ingredients  he  may 
safely  use  and  which  he  may  reject." 

The  circular  also  states  that  "but  infinitesimal  amounts  of  color 
(coal-tar  colors)  need  be  or  can  be  used  to  give  the  desired  effects," 

1  See  also  p.  4ft. 
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and  in  view  of  this  statement  as  to  quantity  it  must  be  self-evident 
that  a  color  harmful  when  used  in  the  small  quantities  said  to  be  used 
in  confectionery  is  certainly  harmful  when  used  in  the  large  quantities 
used  in  coloring  other  food  products.  This  circular  under  the  head- 
ing, ''Colors  that  are  injurious  and  therefore  to  be  rejected — ^Harm- 
ful organic  colors,"  enumerates  21  coal-tar  colors.  Of  these  21  colors, 
13,  or  61.9  per  cent,  were  among  those  submitted,  and  whose  com- 
position was  stated  by  reference  to  Green  Table  numbers;  the  Green 
Table  numbers  of  these  colors,  together  with  the  number  of  sources 
from  whicli  the^  were  obtained,  follow: 


Onn 

Tfttde 

iminbcfs. 

11 

17 

18 

84.... 

86.... 

106.... 


Number 
of 


Oraen 

Table 

namben. 


Nmnber 
of 


197. 
201. 
398. 
584. 
650. 


Out  of  these  13  colors  3  each  came  from  one  source;  7  each  came 
from  two  sources;  1  came  from  four  sources;  1  came  from  five 
sources,  and  1  came  from  eight  sources,  out  of  a  possible  12;  that  is, 
one  was  wanted  by  more  than  half  the  sources. 

It  is  further  to  be  noted  that  of  the  trade  names  given  to  the  sub- 
mitted products  of  Class  I  the  following  appeared  among  the  harmful 
list  of  this  circular  and  also  were  found  in  identical  form  and  spelling 
on  the  labels  of  the  submitted  products: 


1.  Bismarck  Brown. 

2.  CliryBoidin  R. 

3.  ChryKudin  Y. 

4.  Mandarin  6  extra. 

5.  Naphthol  Green  B. 

6.  Napthol  Yellow. 

7.  NewOocdne. 


8.  Orange  A. 

9.  Orange  A  extra. 

10.  Orange  6. 

11.  Orange  II. 

12.  Scarlet. 

13.  VesuvinB. 

14.  Orocein  Scarlet  5  B. 


The  following  parallel  will  serve  to  show  the  great  resemblance 
between  the  names  given  to  the  harmful  colors  of  the  circular  and 
those  found  on  the  samples  submitted: 

Circular^ i  harmful  list.  Labels  ofmbmiUed  samples. 

Methylene  Blue  B  B Methylene  Blue  B. 

Methylene  Blue  B  B  crystalfl Methylene  Blue  D. 

Methylene  Blue  B  B  6 Methylene  Blue  O. 

Methylene  Blue  D  B  B 

New  Coccine New  Coccine  O  Z. 

New  Coccine  Z. 

Naphthol  Green  B Naphthol  Gieen. 
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CSrcuUar^s  harmful  list.  Labels  of  submitted  samples. 

Orange  II Orange  II  Z. 

Victoria  Yellow Victoria  Yellow  Cone .  Z. 

Victoria  Yellow  Cone.  T  Z. 

Acid  Yellow Acid  Yellow  G. 

Bismarck  Brown  G Bismarck  Brown  B. 

Bismarck  Brown  T Bismarck  Brown  B  216. 

Bismarck  Brown  Dark. 

Bismarck  Brown  R  X. 

Bismarck  Brown  T  D. 

Bismarck  Brown  Y  Bril. 

Bismarck  Brown  Y  Dark. 

Bismarck  Brown  2  R  X. 
Chrysoin Chrysoin  Brown  G  Z. 

Chrysoin  G  E  Z. 

Chrysoin  R  E  Z. 

Chrysoin  R  Z. 

Cochineal  Red  A Cochineal  Red. 

Crocein  Scarlet  3  B Crocein  Scarlet  10  B. 

Crocein  Scarlet  7  B 

Crocein  Scarlet  8  B 

Past  Brown  G Fast  Brown  N. 

Fast  Brown  O. 
Fast  Yellow Fast  Yellow  G. 

Fast  Yellow  0  3  3. 

Fast  Yellow  0  3  4. 

Fast  Yellow  Y. 

Imperial  Scarlet,  in  powder,  extra Imperial  Scarlet  3  B. 

Sa&anin Safranin  S  P. 

Safranin  A  G  extra. 
Safranin  AGT  extra. 
Safranin  Cone. 
Safranin  extra  G. 
Safranin  FP  extra  No.  0. 
Safranin  G  extra  GGS. 
Safranin  G  000. 
Safranin  T. 

This  comparison  disclosed  a  considerable  lack  of  conformity  be- 
tween the  United  States  food-color  trade  in  1907  and  the  circular  of 
February,  1899,  upon  whose  preparation  for  seven  months  prior  to 
its  date  ''a  great  deal  of  thought  and  labor  have  been  given  to  a 
thorough  investigation  of  the  whole  subject  of  'colors  in  confec- 
tionery,' in  which  the  committee  has  been  largely  aided  by  the 
researches  of  the  association's  chemist  and  by  the  results  of  his 
analytical  tests''  and  whose  '^ classifications  have  been  carefully 
made,  and  are  based  upon  the  authority  of  the  eminent  chemists. 
Prof.  Koenig  and  Prof.  Weyl,  upon  the  resolutions  of  the  Swiss 
chemists  and  upon  the  French  ordinances  regarding  the  coloring  of 
food  products,"  and  which  list  was  expected  to  be  '*  of  value  to  color 


Digitized  by 


Google 


FOOD-COIiOB  MABKET,   1907. 


33 


dealers  and  chemists/'  and  also  was  pu1)lished  to  assist  the  confec- 
tioner in  obeying  ''the  letter  and  the  spirit"  of  the  pure-candy  laws. 
Under  the  heading  ''Colors  that  have  been  shown  to  be  harmless 
as  used  in  the  confectioner's  art,  harmless  organic  colors,"  this  cir- 
cular enumerates  36  colors,  for  4  of  which  there  are  no  Green  Table 
numbers.  Of  the  32  colors  having  Green  Table  numbers,  20,  or  62.5 
per  cent,  were  among  those  colors  submitted.  The  Green  Table  num- 
bers of  these  colors,  together  with  the  number  of  sources  from  which 
they  were  obtained,  follow: 


Oraen 

Table 

nambera. 


13. 

55. 

65. 

85. 
103. 
106. 
107. 


Number 

of 
sooroes. 

....  10 

....  5 

....  1 

....  6 

....  5 

....  2 

....  2 

....  6 

....  1 

....  7 


Oreen 

Table 

numbers. 

240 

269 

287 

427 

448 

461 

462 

512 

517 

520 


Number 
of 


Of  these  20  colors  5  each  came  from  1  source;  5  each  came  from  2 
sources;  1  came  from  3  sources;  1  came  from  4  sources;  4  each  came 
from  5  sources;  2  each  came  from  6  sources;  1  came  from  7  sources, 
and  1  came  from  10  sources;  that  is,  only  2  were  wanted  by  more 
than  half  the  makers  or  importers,  and  only  4  by  half  the  sources. 

It  will  be  noted  that  this  circular  provides  for  a  total  of  only  57 
different  coal-tar  colors;  the  number  of  avowed  colors  submitted 
reached  80,  or  23  in  excess  of  this  number,  and  further,  that  out  of 
the  57  colors  referred  to  in  this  circular  only  33  appeared  among  those 
colors  submitted  whose  composition  was  acknowledged,  so  that  for 
47,  or  58.8  per  cent  of  the  avowed  submitted  colors,  this  circular  is  no 
specific  guide.  From  the  data  obtainable  from^  this  circular,  the 
following  tabulation  can  be  made: 

HarmfukuBS  oftubmitted  colon  baaed  on  list  in  circukar. 


Data. 

Total  on 
market. 

Disclosed 
colors  on 
United 
States 
market. 

Circular's 

corre- 
sponding 
list. 

Harmftil 

13 
20 

Percent. 
16.3 
25.4 

Percent. 
61.0 
02.6 

Hannless 

These  figures  disclose  a  considerable  and  self-evident  disregard  of  the 
request,  then  eight  years  old,  as  made  by  the  National  Confectioners' 
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Association  of  the  United  States,  that  coal-tar  colors  designated 
by  it  as  "colors  that  are  injurious  and  therefore  to  be  rejected, 
harmful  organic  colors"  be  not  used  in  confectionery,  and  by  implican 
tion  that  they  should  not  be  used  in  other  food  products. 

In  view  of  this  disr^ard  with  respect  to  13  coal-tar  colors  out  of 
33  on  the  United  States  market  in  the  summer  of  1907,  dealt  with  in 
this  confectioners'  list,  the  conclusion  seemed  justified  that  the  action 
regarding  other  coal-tar  colors  on  the  United  States  market  in  the 
summer  of  1907  was  equally  heedless  or  indifferent,  a  conclusion 
which  is  borne  out  by  the  material  brought  together  under  section  IX. 

The  necessity  of  adhering  to  some  unequivocal  terminology,  as  has 
been  done  in  these  pages  by  referring  to  the  serial  numbers  in  the 
Green  Tables,  appears  from  the  following: 

Trade  names  are  not  definite  with  respect  to  the  composition  of 
the  article  sold  under  a  given  name,  although  tinctorially  the  colors 
may  be  substantially  equivalent.  In  the  Green  Tables  there  are  not 
less  than  29  instances  where  the  same  trade  name  is  applied  to  two 
or  more  different  chemical  individuals.  In  some  cases  these  chemical 
individuals  are  fairly  closely  related,  in  others  they  are  only  remotely 
related.  When  the  differences  are  greater  than  the  presence  or 
absence  of  a  sulpho  group  or  the  use  of  methyl  for  ethyl  or  the  reverse, 
the  instances  are  given  below: 

1.  Cotton  Yellow 128  Primulin-azo-m-phenylene-diamin-disulphonicacid. 

191  Diphenylurea-disazo-bi-flalicylic  acid. 

2.  Methyl  Eoein 513  Methylated  tetrabromo-fluoreecem. 

375  Dinitro  dibromo  fluoreBcein. 

3.  New  Yellow 88  pHnilphanilic  acid  azo-diphenylamin. 

91  Nitration  product  of  diphenylamin  yellow. 

4.  Orange  III 23  Meta-nitianilin  azo-R  «dt. 

87  p-eulphanilic  acid  azo-dimethylanilin. 

5.  Orange  N 43  Toluidin  azo-Schaffer  acid. 

88  p-sulphanilic  acid  azo-diphenylamin. 

6.  Orange  R 97  o-toluidin-mono6ulphonic  acid  azo-betanaphthol. 

15  Anilin-azo-R  Bait. 

99  Xylidinsulphoacid-azo-betanaphthol. 

7.  Toluylene  Red 261  Dichloro-benzidin  disazo  R  salt. 

580  Dimethyl  diamido  toluphenazin. 

The  following  quotation  also  bears  on  this  point: 

In  attempts  to  group  the  aniline  colors  a  kind  of  uncertainty  appears  even  among 
color  chemists.  The  same  trade  name  does  not  always  correspond  to  the  same  prepara- 
tion. Many  preparations  are  not  chemical  individuals,  but  mixtures  of  related  colors. 
Many  preparations  are  "  standardized  "  for  the  trade ;  for  example,  with  dextrin.  On 
account  of  the  patent  laws,  &ctory  secrets  surround  the  production  of  many  coloring 
matters,  and  frequently  statements  are  met  with  which  are  directly  intended  for  the 
purpose  of  misleading  competition.  (Hueppe,  Die  Methodm  der  BakUrienfor9chung, 
Sthed,,  1891,  p,  106.) 
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V.  SOKE  LEGAL  EVACTMEVTS  BELATIVE  TO  THE  USE  OF 
COAL-TAB  DTES. 

UST  OF  THntTBBN  FOREIGN  LEGAL  ENACTMENTS. 

The  13  foreign  l^al  enactments  compared  are  as  follows: 

1.  The  Austrian  regulation  of  March  1,  1886,  which  forbids  No. 
483  of  the  Green  Tables  and  all  anilin  colors. 

2.  The  law  of  Austria  of  May  1,  1886,  which  forbids  No.  1  of  the 
Green  Tables  and  all  anilin  colors. 

3.  The  Austrian  regulation  of  September  19,  1895,  in  which  cer- 
tain colors  only  are  permitted,  and  all  others  are  forbidden.  There 
are  16  titles  of  permitted  colors  in  this  law,  but  these  are  in  some 
cases  so  elastic  and  so  indefinite  as  to  include  47  entries  in  the  Green 
Tables. 

4.  The  Austrian  law  of  January  22,  1896,  in  which  there  are  17 
titles,  but  these  are  sufficiently  elastic  to  allow  of  22  entries  in  the 
Green  Tables  being  included  in  them. 

5.  The  German  law  of  July  5,  1887,  which  specifically  prohibits 
only  Nos.  1  and  483  of  the  Green  Tables.  The  interpretation  which 
seems  to  be  generally  placed  upon  jbhis  law  is  that  all  other  Green 
Table  members  are  permitted  in  Germany  for  use  in  foods. 

6.  The  Italian  law  of  February  7,  1892,  forbidding  all  colors  except 
9  different  titles,  which,  however,  were  elastic  enough  to  include  32 
entries  in  the  Green  Tables. 

7.  The  law  of  Italy  of  Fet)ruary  7,  1902,  which  prohibits  37  entries 
in  the  Green  Tables,  and  permits  11  specifically. 

8.  The  Italian  decree  of  June  29,  1893,  in  which  there  were  7 
titles  of  permitted  colors  sufficiently  elastic  to  include  34  different 
indiyidufds. 

9.  The  Italian  decree  of  March  24,  1896,  forbidding  four  titles  cov- 
ering only  four  entries  in  the  Green  Tables. 

10.  The  French  police  ordinance  of  May  21,  1885,  in  which  489 
entries  in  the  Green  Tables  were  prohibited. 

11.  The  French  police  ordinance  of  December  31,  1890,  in  which 
469  entries  of  the  Green  Tables  were  prohibited,  and  which  also 
permitted  under  9  titles  23  entries  in  the  Green  Tables. 

12.  The  Belgian  law  of  1891,  which  specifically  forbids  only  four  . 
entries  in  the  Green  Tables. 

13.  The  law  of  the  Canton  of  Tessin,  dated  May  18,  1897,  which 
forbids  only  4  specific  entries  in  the  Green  Tables. 

SUKKABT  OF  COLORS  PEBMITTEB  BY  THESE  LEGAL  ENACTMENTS. 

An  examination  of  the  13  legal  enactments  made  in  Europe  with 
respect  to  the  use  of  coal-tar  colors  in  food  products  discloses  consid- 
erable difference  of  opinion  as  to  the  harmfulness  or  the  harmlessness 
of  even  the  same  chemical  individuals.    To  prepare  an  approximate 
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and  comprehensive  summaiy  of  the  effect  of  such  legislation,  the 
following  plan  has  been  followed: 

The  provisions  of  a  selected  number  of  laws  and  regulations,  13  in 
number  and  dating  from  1883  to  1902,  were  read  with  respect  to 
permission  or  prohibition  of  the  695  chemical  individuals  listed  in  the 
Green  Tables.  The  effect  of  each  law  upon  each  separate  entry  in 
the  Green  Table  numbers  was  noted,  either  as  permitted,  forbidden, 
or  noncommittal  when  the  law  was  silent  upon  such  entry;  the  laws 
were  read  with  the  understanding  that  what  was  not  forbidden  was 
permitted,  and  what  was  neither  forbidden  nor  permitted  was  non- 
conunittal;  if  this  were  an  incorrect  or  improper  procedure  the 
number  of  permitted  colors  would  be  reduced  but  not  augmented. 
For  the  purposes  of  this  first  approximation,  no  attempt  was  made 
to  segregate  those  specifically  permitted  from  those  permitted  by 
blanket  expressions  or  phrases. 

For  the  purposes  of  a  side-by-side  comparison,  the  term  "index 
number"  was  coined;  this  "index  number"  gives  in  the  first  place  the 
number  of  legal  enactments  that  permit  the  color;  in  the  second  place 
the  number  of  enactments  that  forbid  it;  and  in  the  third  place  the 
number  of  enactments  that  are  silent  or  noncommittal.  Tlius:  283 
as  an  index  number  would  mean  2  enactments  permit,  8  forbid, 
and  3  are  noncommittal;  so  that  an  index  number  with  the 
highest  hundreds  would  have  the  greatest  number  of  permissions, 
and  with  the  highest  tens  would  have  the  highest  number  of  pro- 
hibitions. With  this  understanding  of  these  terms,  the  following 
table  of  so-called  index  or  "P.  F.  N."  numbers  is  offered: 

Thirteen  legal  ejiactments  classified  by  Green  Table  numbers  and  the  **P,  F.  N.  fi>gure,^* 

or  ^Hndex  nurriber.*^ 


Total 
namber 
of  Oreen 

Table 
entries. 

Index 
number. 

Oreen  Table  numbers. 

1 

1 

3 

217 

1 
366 

29 
3 
1 

22 
7 
2 
2 
3 
3 

11 
6 
2 
6 
6 
1 
2 

184 

274 

2,10,1 

364 

373 
382 

391 
454 
463 
472 
481 
544 
562 
571 
643 
652 
661 
670 
742 
751 
850 
931 

483. 
634. 
1-3. 

103. 

6,7.10,11, 12,14,16,19-22.35-40.42, 43,45-W,  68^.  66-83,  89,  90,  93,  94,  96- 

101,104-106,  109-113,  115-146,  149,  151-156,  158,  159,  161,  162,  164-168, 

172, 197, 199-243. 24^93, 412-414, 493-«ll.  524-527, 650. 
446, 447, 449, 450, 453, 455, 456, 458-161, 463-176, 478, 479, 481, 482. 
428,563,599. 
69g 

5, 8, 9, 23-34, 84, 86-88, 91, 520, 623. 
95, 462, 454, 477, 513, 519, 522. 

515|516! 

480,514,521. 

44,114,427. 

13, 15, 85, 92, 108, 146-148, 150, 160, 517, 

17,18,41,160,512,518. 

451,462. 

^  56,^,57,102.244. 

65, /or,  163, 170, 198, 448. 

157il71. 

>  Itallolxed  flgores  IncUoat*  oolon  pennitted  by  F.  I.  D.  7S. 
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From  the  table  it  appears  that  there  is  no  one  Green  Table  number 
that  is  permitted  by  each  and  all  of  these  13  legal  enactments,  nor 
is  there  any  one  color  that  is  prohibited  by  each  and  all  of  these  13 
legal  enactments;  and  as  late  as  1902  there  was  considerable  con 
fusion  as  to  what  should  or  should  not  be  permitted  or  forbidden. 
That  the  European  enactments  were  not  in  reality  consistent  or 
effective  appears  from  the  following: 

1.  In  respect  to  the  use  of  coal-tar  colors,  the  views  as  to  their  harmfulness  or  harm- 
leasness  are  very  divergent,  and  this  uncertainty  is  expressed  in  the  various  legislative 
enactments,    (v.  Raumer,  ZU.  Nahr.  Unters,  Hygiene  <fe  Waarenk.j  1895 ^  v.  9,  p.  207.) 

2.  After  eating  groats,  which  no  doubt  were  free  from  ordinary  poisons  but  had  been 
colored  with  Martius  Yellow,  a  whole  family  became  sick.  Since  this  coloring  matter 
18  not  mentioned  among  those  which,  under  the  law  of  July  5,  1887,  are  forbidden 
for  the  purpose  of  coloring  articles  of  food,  a  complaint  could  not  be  lodged.  Never- 
theless, the  use  of  Martius  Yellow  for  the  coloring  of  articles  of  food  would  seem  to  be 
dangerous,  since  this  coloring  matter  exerts  poisonous  effects.  It  is  a  weakness  in 
the  law  that  coal-tar  colors,  of  which  new  members  are  continuously  appearing  on 
the  market,  and  whose  physiological  action  is  unknown,  should  be  at  all  permitted 
for  the  coloring  of  articles  of  food.  (Dietrich,  Th.,  Jakresberichte  der  laTidtuirthschaft- 
UehenVersuchsatatumj  Marburg^  1900-1901  j  p.  IS;  abst.  Zts.  Nahr.  Gemissm.,  1902 y  v.  5, 
p.  S64.) 

On  account  of  their  large  number  and  the  great  diversity  of  opinion 
as  to  harmfulness  of  some  coal-tar  colors  and  the  harmlessness  of 
others  therein  reflected,  no  attempt  was  made  to  collect  all  the 
legal  enactments  and  regulations  made  with  respect  to  coal-tar 
dyes.    The  foregoing  are  typical  of  the  remainder. 

OOLOBS  SAID  TO  BB  PEBMITTBB  XJNDBB  THB  GBBMAN  LAW 

OP  1887. 

That  some  of  the  laws  did  not  employ  specific  terms  but  used  those 
possessed  of  a  great  degree  of  elasticity  appears  from  the  following 
taken  from  Weyl's  ''Sanitary  relations  of  the  coal-tar  colors/'  page  38, 
concerning  the  Chamber  of  Commerce  and  Trade  of  Sonneberg  which 
declared  on  December  4,  1887,  that  the  Grerman  law  of  July  6,  1887, 
allowed  the  unrestricted  use  of — 

All  blue  and  violet  anilin  (that  is  coal-tar)  colors,  all  ponceaus,  all  orange  colors. 
Methyl  Green,  Brilliant  Green,  Malachite  Giceen,  Chrysoidin,  Naphthol  Yellow,  Martius 
Yellow,  Eosin,  Phloxin,  Safranin,  Erythroein,  Fuchsin,  Phenylene  Brown,  and  Anilin 
Black. 

This  amounts  to  not  less  than  233  permitted  colors,  as  will  now  be 
shown. 

Using  the  Green  Tables  as  a  guide  it  will  be  found  that  under  the 
above  ruling  there  are  to-day  no  less  than  107  blue  coal-tar  colors 
which  could  be  used  for  food  coloring.  They  are  arranged  as  follows^ 
showing  the  comments  on  same  in  the  hterature. 
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BLUB  COLORS. 

Unfavorable:  478,  479,  488,  490,  572,  602,  639.    (Total,  7.) 

Favorable:  477,  599,  600,  692.    (Total,  4.) 

C(mtradictory:  287,  457,  480,  563,  601,  650,  689.    (Total,  7.) 

Not  reported  on:  36,  83,  119,  142,  175,  189,  209,  246,  247,  254,  257,  263,  266,  288,  290, 
291,  292,  293,  294,  295,  301,  302,  310,  311,  314,  315,  316,  317,  318,  319,  323,  327,  345, 
347,  348,  351,  352,  356,  359,  364,  430,  432,  439,  440,  442,  444,  456,  473,  476,  481,  482, 
487,  492,  509,  542,  551,  556,  558,  559,  560,  562,  569,  595,  598,  608,  611,  612,  615,  618, 
619,  621,  625,  627,  628,  634,  637,  638,  640,  641,  642,  643,  652,  655,  656,  657,  664,  682, 
693,694.    (Total,  89.) 

Similarly  there  would  be  50  violets  which  are  classified  as  follows: 

VIOLET  COLORS. 

UnfavorabU:  620,  649.    (Total,  2.) 

FavorabU:  467,  593.    (Total,  2.) 

CantradieUjry:  450,  451.    (Total,  2.) 

Not  reported  on:  30,  34,  36,  118,  176,  179,  207,  244,  246,  248,  252,  256,  273,  320,  336, 
338,  340,  342,  343, 444,  452,  454,  455,  463, 464, 465,  466,  468,  469,  470,  471,  472, 474,  486, 
606,  507,  526,  552,  579,  681,  686,  592,  613,  625.    (Total,  44.) 

Similarly  there  would  be  18  ponceaus  which  are  classified  as  follows: 

PONCEAUS. 

Unfavorable:  None. 

FavorabU:  169,  448.    (Total,  2.) 

Contradictary:  13,  15,  55,  160, 163.    (Total,  5.) 

Not  reported  on:  44,  56  >,  57 »,  108,  113,  114,  146,  147,  148,  150,  165.    (Total,  11.) 

Similarly  there  would  be  35  Oranges  which  are  classified  as  follows: 

ORANGES. 

Unfavorable:  2,  97.    (Total,  2.) 
Favorable:  85.    (Total,  1.) 

Contradictory:  14, 18,  43,  86,  87,  88,  95.    (Total,  7.) 

Not  reported  on:  10,  23,  47,  54,  99,  100,  136,  162,  196,  217,  218,  222,  225,  235,  236, 
265,  275,  392,  406,  408,  409,  529,  631,  545,  647.    (Total,  25.) 

The  remaining  23  colors  named  are  classified  as  follows: 

MISCELLANEOUS. 

Unfavorable:  Martiua  Yellow  (3).'    (Total,  1.) 

Favorable:  Naphthol  Yellow  S.  (4);  Eoein  (512,  517,  521);  Phloxin  (521);  Erythroein 
(517).    (Total,  6.) 

Contradictory:  Brilliant  Green  (428);  Malachite  Green  (427);  Chrysoidin  (17, 18,  41); 
Safranin  (584);  Fuchsin  (448);  Phenylene  Brown  (197).    (Total,  8.) 

Not  reported  on:  Methyl  Green  (460,  461);  Eosin  (514,  616);  Phloxin  (518);  Safranin 
(683,  685);  Erythroein  (516);  Anilin  Black  (577).    (Total,  9.) 

It  will  be  noticed  that  names  such  as  Eosin,  Erythrosin,  and  Phloxin 
appear  in  more  than  one  classification;  thus  some  of  each  are  favor- 
ably reported  on  and  the  others  are  not  reported  on  at  all. 

1  Not.  56  and  57  are  Inohided  among  the  permitted  colon  of  the  Aostrlaa  law. 
tThenombert  In  parentheaeifoUowtiig  the  names  are  the  Green  Table  nomben. 
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Tlie  233  colors  said  by  the  Sonneberg  Chamber  of  Commerce  and 
Trade  to  be  entitled  to  unrestricted  use  in  food  coloring  under  the 
German  law  of  1887  referred  to  may  also  be  classified  as  follows: 

Summary  of  classificaUon  of  colon  permitted  under  the  Oerman  law  of  1887  according  to 

comments  in  the  literature. 


ClMS. 


Total. 


Comments  in  the  litemtore. 


UnfE^ 
▼Qiable. 


Favor- 
able. 


Contra- 
dictory. 


Not  re- 
ported 
on. 


BlOM. 

Violets 

Ponoeaos 

Oranses 

Misoaaaneous.. 

Total... 


107 
50 
18 
35 
23 


89 
44 

11 


233 


12 


14 


20 


178 


Out  of  these  233  colors  oidy  55,  or  about  one-fourth,  have  been 
reported  on  in  the  literature  and  the  remaining  three-fourths  have 
not  been  examined  at  all.  To  the  55  examined  and  reported  on 
there  may  be  added  2,  namely,  Nos.  56  and  57,  since  they  are  included 
among  the  colors  once  permitted  by  law  in  Austria,  thus  making  a . 
total  of  57  examined  out  of  232.  Adding  these  two  to  the  14  favor- 
ably reported  on  makes  a  total  of  16.  It  finally  appears  that  41 
out  of  57  colors  examined  would  in  the  light  of  present  knowledge 
be  improper  to  be  used  in  food  and  12  at  least  should  not  be  used  for 
such  purposes  at  all. 

The  classification  into  unfavorable,  favorable,  contradictory,  and 
not  reported  on  is  based  upon  the  tabulation  on  page  63;  if  that  is 
substantially  correct  the  above  conclusions  are  also  true. 

The  foregoing  side-by-side  comparison  of  13  legal  enactments, 
while  it  makes  no  claim  to  being  absolutely  and  wholly  accurate  in 
all  the  classifications  or  conclusions  drawn,  is  no  doubt  a  fair  reflec- 
tion of  the  condition  of  mind  of  those  framing  the  enactments,  and 
consequently  of  information  upon  which  those  enactments  were  based; 
and  the  conclusion  would  therefore  seem  to  be  justified  that  the  fact 
that  a  color  has  been  permitted  or  has  been  forbidden  by  any  one  or 
the  majority  of  these  legal  enactments  ought  not  to  constitute  a 
clean  bill  of  health,  nor  an  indictment,  as  the  case  may  be. 

This  side-by-side  comparison  must  not  be  pushed  to  extremes; 
indeed  the  extent  to  which  it  can  be  employed  is  naturally  very  lim- 
ited, and  the  purpose  for  which  it  was  made  was  to  reflect  in  a  manner 
easily  and  comprehensively  grasped  the  confusion  and  inconsistencies 
which  very  persistently  force  themselves  upon  the  mind  of  a  person 
reading  those  enactments  and  having  in  mind  the  chemical  individ- 
uab  at  which  they  are  aimed. 
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The  definite  lesson  to  be  learned  from  this  side-by-side  comparison 
is  that  these  enactments  in  many  cases  employed  tenns  so  vague  and 
indefinite  as  to  permit  the  use  of  some  bad  colors  as  well  as  all  good 
oneSj  that  is  they  were  not  sufficiently  definite  to  exclude  all  that 
were  harmful. 

DBFINTTEKESS  AND  DETAIL  KE0E88ABY  TO  BFFBCT  QXTALnnr 

CONT&OL. 

This  apparent  state  of  confusion  in  legal  enactments  that  pre- 
ceded the  sunmier  of  1907  was  a  veiy  strong  factor  in  the  formation 
of  the  conclusion  that  in  order  to  be  effective  any  law  or  regulation 
dealing  with  coal-tar  colors  for  use  in  foods  must  prohibit  eveiy  coal- 
tar  color  except  certain  definite  specific  ones. 

The  Austrian  laws  of  September  19, 1895,  and  of  January  22,  1896, 
provided  for  quality  control  by  public  and  other  laboratories  of  the 
coal-tar  colors  put  upon  the  market  for  use  in  foods;  the  results  of 
such  control,  as  reported  in  the  Zeitschrift  fOr  Nahrungsmittel- 
Untersuchung,  Hygiene  und  Waarenkunde,  1896,  v.  10,  p.  335,  are 
as  follows: 

Coloring  matters  of  commerce  aie  mostly  mixtures  of  various  coloring  mattera,  a 
right  which  manu&ctureis  will  not  part  with;  and  further,  while  it  is  indeed  possible 
to  test  the  coloring  matter  in  substance,  it  is  nevertheless  impossible  to  test  it  in  the 
very  small  amounts  which  are  used  in  the  coloring  of  foodstufb  and  to  determine 
with  certainty  the  identity  of  the  color  as  to  whether  it  is  or  not  one  of  the  permitted 
colors. 

Of  21  samples  of  coloring  matter  examined,  14  were  objectionable,  partly 
because  of  false  labeling,  or  because  they  were  mixtures,  partly  because  they 
contained  poisonous  metals,'  or  a  forbidden  coloring  m&tter .  Thus,  a  so-called  '  *  Ever- 
green **  was  Naphthol  Green  B,  a  poisonous  nitroso  color;  Malachite  Green  contained 
zinc;  an  Acid  Magenta  and  a  Rosalin  contained  traces  of  copper;  Ponceau,  Eoein, 
Brown,  and  Roccellin  contained  traces  of  tin;  Orange  I  and  Waterblue  contained 
traces  of  tin  and  zinc.  The  last-named  coloring  matters  were  therefore  not  prepared 
in  proper  state  of  purity. 

The  authorities  in  Vienna  examined  four  and  rejected  two  colors.  {Ibid,,  1898, 
p.  107.) 

The  Swiss  authorities  exercised  control  over  colors,  after  they 
reached  the  market,  with  the  result  that  the  authorities  in  Basle 
examined  ten  colors  and  rejected  one.     {Ibid.,  1897,  p.  292.) 

These  facts,  together  with  the  knowledge  derived  by  even  the  most 
superficial  ocular  examination  of  the  294  specimens  received  in  the 
summer  of  1907,  played  a  very  great  part  in  the  formation  of  the  con- 
clusion that  control  of  quality,  in  order  to  be  even  reasonably  effec- 
tive, must  be  thoroughgoing,  and  that  colors  must  be  excluded  from 
the  market  until  they  prove  themselves  to  be  clean,  rather  than 
permitted  promiscuously  and  then  driven  out  of  the  market  by  the 
authorities  if  unsuitable. 

The  effective  quality  control  of  food  colors  requires  careful  and 
searching  examination  of  a  kind  which  can  not  usually  be  obtained 
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by  the  general  purchasiiig  public.  The  quality  of  the  food  colors 
offered  in  the  summer  of  1907  varied  greatly,  and  the  substances 
contaminating  them  were  of  such  indefinite  and  probably  variable 
composition  (of  whose  physiological  action  nothing  definite  was 
known  and  whose  quick  and  certain  detection  in  the  colored  food 
product  would  be  veiy  complicated,  if  not  impossible)  that  quality 
control  of  greater  efficiency  than  that  exercised  by  those  selling 
food  colors  in  the  summer  of  1907  seemed  necessary  on  the  part  of 
the  authorities  having  charge  of  the  enforcement  of  the  food  and 
drugs  act. 

The  points  of  original  entiy  of  food  colors  into  the  United  States 
food-color  market  are  relatively  few,  whereas  the  points  of  distribu- 
tion of  food  colors  are  very  many,  the  former  being  less  than  20  and 
probably  fewer  than  10,  while  the  latter  may  number  up  into  the 
hundreds;  therefore,  not  only  is  the  labor  and  the  expense  of  quahty 
control  of  food  colors  reduced  to  its  probable  minimum  by  keeping 
food  colors  off  the  market  until  they  have  shown  their  right  to  be 
so  used,  but  also  the  certainty  and  the  efficiency  of  quahty  control 
is  increased  to  its  probable  maximum. 

The  quahty  control  thus  suggested  is  similar  to  that  exercised  by 
the  States  of  New  York,  Michigan,  and  Ohio  over  salt  before  it 
enters  the  market  for  human  consumption.  The  method  of  color 
control  here  suggested  differs  only  in  degree,  not  in  kind,  from  the 
quality  control  exercised  over  salt  by  the  States  named.  Experience 
has  shown  such  quahty  control  of  food  colors  to  be  not  only  practi- 
cable but  capable  of  realization  without  any  hardship  and  but  little, 
if  any,  inconvenience  to  those  concerned. 

STATE  LAWS  FBOHZBITINO  ^^B  TJSE  OF  COLOBS  IN  OBBTAIN 

FOODS,  1909. 

The  laws  of  the  individual  States  of  the  United  States  have  also 
restricted  the  use  of  coal-tar  coloring  matters  in  foods.  These 
restrictions  are  directed  principally  against  the  use  of  color  to  con- 
ceal inferiority,  which  restriction  is  foimd  in  almost  all  the  States. 

The  sale  of  poisonous  coloring  matters  for  foods  is  prohibited  in  the 
State  of  New  York,  and  in  New  York  and  North  Carolina  the  addition 
of  injurious  colors  to  foods  is  prohibited. 

Minnesota  and  North  Carolina  prohibit  coal-tar  dyes  in  all  foods. 

Foods  and  beverages  are  considered  adulterated  in  North  Dakota 
and  WyomiDg  if  they  contain  aniline  dyes  or  other  coal-tar  dyes. 

Artificial  coloring  is  prohibited  in  sausages  by  Colorado  and 
Wisconsin. 

Artificial  coloring,  including,  of  course,  coal-tar  colors,  must  not  be 
added  to  vinegar  in  the  States  of  Arkansas,  California,  Connecticut, 
Iowa,  Minnesota,  liiCssouri,  New  Jersey,  New  York,  Pennsylvania, 
Tennessee,  Wisconsin,  and  Wyoming. 
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Distillec^  yinegar  must  not  contain  artificial  color  in  Ohio  and 
Oklahoma,  and  must  be  free  from  harmful  artificial  coloring  matter 
in  Utah. 

In  South  Dakota  oleomargarine  must  not  be  colored. 

Artificial  coloring  is  prohibited  in  inilk  by  Califomia,  Oklahoma^ 
Pennsylvania,  Utah,  and  Wisconsin  and  in  cream  by  California 
Connecticut,  Pennsylvania,  Utah,  and  Wisconsin. 

Coal-tar  dyes  are  inhibited  in  cakes,  crackers,  candy,  ice  cream, 
and  like  products  by  Virginia.  Ice  cream  is  considered  adulterated 
in  Michigan  if  it  contains  harmful  colors. 

Forty-six  States  prohibit  the  use  of  poisonous  colors  in  candy. 
They  are  as  follows:  Alabama,  Arkansas,  California,  Colorado,  Con- 
necticut, Delaware,  District  of  Columbia,  Florida,  Georgia,  Idaho, 
Illinois,  Indiana,  Iowa,  Kansas,  Kentucky,  Louisiana,  Maine, 
Maryland,  Michigan,  Minnesota,  Missouri,  Montana,  Nebraska, 
Nevada,  New  Hampshire,  New  Jersey,  New  York,  North  Carolina, 
North  Dakota,  Ohio,  Oklahoma,  Oregon,  Pennsylvania,  Philippine 
Islands,  Porto  Rico,  Rhode  Island,  South  Carolina,  South  Dakota, 
Tennessee,  Texas,  Utah,  Vermont,  Virginia,  Washington,  Wisconsin, 
and  Wyoming. 

VI.  BECOMMEFDATIOVS  BT  ASSOGIATIOVS  AHD  IHDIVIDnALS 
AS  TO  USE  OF  COAL-TAB  DTES  AS  FOOD  COLOBS. 

CAZENETTVE  AND  LfiPINE. 

Cazeneuve  and  Lupine  {BuU,  de  Vacad.  de  nUdiciney  April  j?7,  1886, 
p.  643)  says: 

We  have  airived  at  the  following  conclusions: 

1.  The  nitro  derivatives  are  especially  poisonous  (dinitronaphthol  being  comparable 
with  picric  acid),  but  the  sulphonated  product  is  harmless. 

2.  Safranin  and  Methylene  Blue  are  harmful,  producing  gastric  intestinal  dis- 
turbances, being  violent  poisons. 

3.  The  following  coloring  matters  are  tolerated  by  man,  whether  well  or  affected 
with  Bright's  disease;  similarly,  too,  animals  (dogs,  guinea  pigs)  without  any  noticeable 
disturbances  and  at  rather  high  doses: 


Probable 

Green  Table 

K06. 


Probable 
Oreea  Table 

N08. 


5.  Ponceau  R 55 

6.  Orangel 85 

7.  FuchBin  S 462 


1.  Fast  Yellow 9 

2.  Roccellin 102 

3.  BordeauxB 65 

4.  Purple 106orl07 

Among  the  nontoxic  sulphonated  colors  we  have  been  able  to  make  out  the  following 

list  or  classification,  based  upon  their  power  of  producing  disturbances,  proceeding 

from  the  least  inert  to  the  most  inert: 

Probable 
Qreen  Table 

NQ8. 

YeUowNS 4 

FastYeUow 9 

Purple 106orl07 


1.  Orangel.... 

2.  Bordeaux  B . 

3.  Ponceau R.. 

4.  Roccellin. . . 


Probable 

Qreen  Table 

Nob. 

85 

5. 

65 

6. 

55 

7. 

102 
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The  resnltB  off  our  experimento  have  led  lu  to  the  following  conclusioiiB: 

1.  The  relative  nonpoiBonous  natiire  of  the  azo  colon  used  for  coloring  wines  explains 
why  this  artificial  coloring  has  not  caused  any  real  epidemic. 

2.  This  artificial  coloring  of  wines  by  coal-tar  colors  is  dangerous.  It  opens  the  door 
to  the  employment  of  coloring  matters  of  very  variable  and  noxious  properties.  Thus 
Martins  Yellow,  which  is  poisonous,  has  been  used  for  10  years  past  to  color  pastry 
(3  grams  per  100  kilograms)  and  it  may  be  used  to-morrow,  perhaps,  to  color  wines  mixed 
with  a  red  or  a  blue. 

3.  A  rigid  law  against  the  artificial  coloring  of  wines  ought  to  be  promulgated, 
particularly  if  this  coloration  covers  detestable  practices  most  prejudicial  to  the  public 
health.  The  addition  of  salicylic  acid,  glycerin,  and  tartaric  acid,  or  the  acidifying 
by  sulphuric  acid,  is  cloaked  by  the  use  of  the  coloring  matter. 

Some  Bulphonated  azo-coloring  matters  are  sufficiently  inert  to  enable  their  being 
employed  as  artificial  color  in  foods,  bonbons,  and  liquors.  These  colors  are  manu- 
factured according  to  simple  processes  which  give  theoretical  yielda  and  no  metallic 
salt,  such  as  mercury,  tin,  or  arsenic  participates;  sulphate  of  soda  is  the  only  impurity. 

In  view  of  the  great  extent  of  the  use  of  these  coloring  matters,  it  is  better  to  r^ulate 
their  consumption  by  tolerating  certain  of  these  products  rather  than  to  interpose  an 
illusory  barrier  to  their  use.  Where  you  can  not  arrest  a  stream  you  can  at  least  regu- 
late its  course. 

It  would  be  better  definitely  to  classify  these  substances  with  respect  to  their  noxious 
properties,  tolerate  some  and  prohibit  the  others,  rather  than  to  be  exposed  to  the 
consequences  of  permitting  manufacturers  to  introduce  into  food,  without  any  scien- 
tific control  whatever,  any  products  whatever. 

These  coloring  matters  should  be  sold  in  commerce  under  the  names  of  harmless 
colors  as  determined  by  analysis.  By  chemical  analysis  it  would  be  recognized  as  to 
whether  we  were  dealing  with  one  color  or  with  a  mixture  of  two  or  three  colors. 

The  colors  most  used  are  made  up  of  red,  yellow,  and  blue,  which  apparently  imitate 
the  appearance  of  the  wines  of  the  Midi.  Thus  we  have  recognized  such  coloring 
matters  in  Roccellin,  Naphthol  Yellow,  and  Methylene  Blue. 

Sulphonated  Fuchsin  is  very  much  used,  combined  with  a  yellow  and  a  blue.  This 
mixture  turns  green  with  ammonia,  like  the  coloring  matter  of  wine.  In  fact,  Acid 
Fuchsin  is  decolorized  by  anmionia.  The  yellow  and  blue  remain  intact,  and  give  a 
green  which  suggests  true  wine  color. 

80GIBTY  OF  SWISS  ANALYTICAL  CHEMISTS. 

In  1891  the  Society  of  Swiss  Analytical  Chemists  recommended 
that  certain  coloring  matters  which  are  to  be  regarded  as  harmful 
to  health  should  not  be  permitted  to  bjB  used  in  the  preparation  of 
articles  of  food  intended  for  sale  in  which  artificial  coloring  is  at  all 
permitted. 

The  coal-tar  colors  thus  prohibited  are  identified  in  the  following 
by  their  Green  Table  numbers,  only  one  trade  name  being  given: 
I^cric  Acid  (1);  Dinitrocresol  (2);  Martins  Yellow  (3);  Aurantia  (6); 
Orange  II  (86);  Metanil  Yellow  (95);  Safranin  (584);  Methylene 
Blue  (650).     (Zte.  Ndkr.  UrUers.  Hygiene,  1891,  v.  5,  p.  29S,) 

TSCHntCH. 
In  1893  Tschirch  recommended  as  follows: 

1.  The  coal-tar  colors,  and  in  a  nairow  sense  the  anilin  colors,  are  no  longer  harmful 
on  account  of  their  arsenic  content,  since  at  the  present  time  the  great  majority  of 
them  are  prepared  free  from  arsenic. 

2.  Some  colors  have  shown  themselves  to  be  harmful  to  the  system. 
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3.  Coal-tar  colors  in  general  should  therefore  be  permitted  for  the  coloring  of  foods, 
but  those  that  have  been  found  to  be  harmful  should  be  expressly  and  specifically 
forbidden. 

4.  The  amount  of  coloring  matter  which  has  been  determined  quantitatively  in 
bonbons  and  liqueurs  is  so  small  that  even  the  ones  regarded  as  poisonous  would  not 
be  able  to  develop  their  harmful  effects.  (Zts,  Nakr.  Unters,  Hygiene  Waarenk,^ 
189Sy  V.  7,  p.  SS8.) 

KAYSEK. 

In  1895  Kayser  expressed  himself  as  follows: 

As  to  the  poisonous  nature  of  organic  coloring,  and  in  respect  to  their  composition, 
H.  Erdmann  (Pharm.  CentraJh.,  1892,  v.  SS,  p.  S57)  concludes  that  in  general  acid 
dyestuffs  can  pass  as  nonpoisonous;  whereas  in  the  case  of  basic  coloring  matters  it 
is  recommended  to  make  a  physiological  examination  before  using  them  for  the  col- 
oring of  things  in  daily  use,  especially  articles  of  food.  Whether  that  portion  of  that 
view  which  deals  with  acid  dyestuffs  will  retain  imexceptionableand  positive  validity 
appears  doubtful. 

At  the  present  time,  speaking  generally,  interested  manufacturers  take  the  point 
of  view  thAt  all  the  coloring  matters  which  are  not  forbidden  in  the  food  law  are  to  be 
regarded  as  permitted.  Whether  this  point  of  view  is  free  from  legal  objection  can 
not  be  discussed  here;  that,  however,  it  can  not  be  accepted  from  a  hygienic  point  of 
view  under  any  circumstances  whatever  does  not  require  any  special  proof  for  those 
conversant  with  the  ^ts.  The  hygienic  requirements  under  all  circimistances 
can  be  summed  up  in  the  following  rule: 

Every  coloring  matter  is  to  be  regarded  in  every  way  as  suspicious,  so  ^  as  its 
harmlessness  is  not  proven  by  experience  or  by  correct  physiological  experiments. 

No  one  can  say  in  advance  that  among  the  colors  which  are  to-day  manufactured 
and  used,  which  are  as  yet  not  called  into  question,  there  are  none  which  possess 
distinctly  poisonous  properties.  Correct  examination  of  artificial  coloring  matters  in 
this  direction  is,  as  is  well  known,  even  to  the  present  almost  wholly  lacking.  (Forsch- 
ungsherichte  Hher  LebensmiUely  etc.,  1895 ,  Vol.  11,  p.  181.) 

WEYL. 

In  1896  Weyl  expressed  himself  as  follows: 

Since  the  niunber  of  the  organic  coloring  matters  already  known  is  a  very  large  one, 
and  since  their  nimiber  is  increasing  daUy,  and  it  seems  to  be  unlikely  that  each 
individual  of  these  coloring  matters  will  be  examined  as  to  its  poisonous  nature,  there 
are  only  two  ways  left  in  which  to  solve  the  question  as  to  the  use  of  coloring  matters 
in  the  manu^ture  of  food  and  articles  of  daUy  use. 

One  of  them,  and  at  the  same  time  the  simplest,  would  be  to  prohibit  the  use  of  all 
coloring  matters  for  the  coloring  of  foods,  etc.  This  rigorous  point  of  view  will  hardly 
ever  be  taken  by  legislators,  because  it  would  be  tantamount  to  the  removal  of  many 
marks  of  differentiation  which  have  become  desirable  and  necessary. 

The  second  way  seems  to  be  the  much  more  practicable,  and  which  Theodor  Weyl 
proposed  some  time  ago. 

It  consists  in  permitting  the  use  of  only  a  definite  nimiber  of  coloring  matters,  recog- 
nized as  harmless,  for  the  coloring  of  articles  of  food,  etc.  Which  coloring  matters 
are  to  be  BO  permitted  is  to  be  determined  by  the  authorities  having  jurisdiction. 
The  same  authorities  are  also  to  determine  the  maximum  amount  of  each  coloring 
matter  which  can  be  used  for  any  purpose.  New  coloring  matters  can  be  used  only 
for  the  above-mentioned  purposes  when  they  have  been  recognized  as  nonpoisonous 
after  ofiScial  test.  All  permitted  coloring  matters  must  be  also  detectable,  even  in 
small  amounts.    (Handlnidi  der  Hygiene,  1896,  Vol.  Ill,  p,  S85,) 
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NATIONAL  CONFBOnONSBS'  ASSOCIATION. 

In  1899  the  National  Confectioners'  Association  of  the  United 
States  issued  an  official  circular,  which  has  been  previously  discussed,* 
designating  certain  colors  as  harmful,  and  certain  others  as  harmless; 
the  members  of  each  class  are  given  in  the  following  Ust,  in  which 
only  one  trade  name  is  given,  the  Green  Table  number  appearing  in 
parentheses  at  the  end  of  that  name. 

Harmpul  Obganic  Colobs. 

Red  colors:  Ponceau  3RB  (163);  Crocein  Scarlet  3B  (160);  Cochineal  Red  A  (106); 
Crocein  Scarlet  7B  (169);  Crocein  Scarlet  0  extra  (164);  Sairanin  (584). 

Yellow  colors:  Picric  Acid  (1);  Martins  Yellow  (3);  Acme  Yellow  (84);  Victoria 
YeUow  (2);  Orange  II  (86);  Metanil  Yellow  (95);  Sudan  I  (11);  Orange  IV  (88). 

Green  colors:  Naphthol  Green  B  (398). 

Blue  colors:  Methylene  Blue  BBG  (650). 

Broton  colors:  Bismarck  Brown  (197);  Veeuvin  B  (201);  Fast  Brown  G  (138);  Chrys- 
oidin  (17,  18). 

Harmless  Organic  Colors. 

Red  colors:  Artificial  Alizarin  and  Piirpurin  (534);  Eosin  (512);  Erythroein  (517); 
Rose  Bengale  (520);  Phloxin  (521);  Ponceau  2R  (55);  Bordeaux  B  (65);  Ponceau  2G 
(15);  Fuchsin  S  (462);  Archil  Substitute  (28);  Orange  I  (85);  Congo  Red  ^240);  Azoru- 
bin  8  (103);  Fast  Red  D  (107);  Fast  Red  (105);  Ponceau  4GB  (13);  Fuchsin  (448). 
.  Yellow  and  Orange  colors:  Naphthol  Yellow  S  (4);  Brilliant  Yellow  (5);  Fast  Yellow 
(8);  Fast  Yellow  R  (9);  Azarin  S  (70);  Orange  (43). 

Green  colors:  Malachite  Green  (427) ;  Dinitrosoresorcin  (394). 

Blue  colors:  Indigo  (689);  Gentian  Blue  (457);  Coupiers  Blue  (600). 

Violet  colors:  Paris  Violet  (451);  Wool  Black  (166);  Azoblue  (287);  Mauvein  (593). 

Brown  colors:  Chrysamin  R  (269). 

SGHACHEBL. 

Schacherl  in  1903  made  the  following  statement: 

If  coal-tar  colors  are  to  be  permitted  for  the  coloring  of  food,  then,  in  my  opinion, 
it  is  not  right  to  limit  the  use  of  such  to  a  few  coloring  matters,  but  groups  of  coloring 
matters  must  be  permitted  which  are  without  suspicion  from  a  sanitary  standpoint, 
and  which  are  characterized  by  definite  reactions.  Other  groups,  on  the  other  hand, 
which  contain  harmful  or  merely  suspicious  colors,  must  be  absolutely  excluded. 
*  *  *  The  selection  would  be  easily  made  if  sufficient  data  were  at  hand  with 
respect  to  the  physiological  action.  Unfortmnately  this  is  lacking,  a  circumstance 
which  need  not  be  surprising  in  view  of  the  very  laige  number  of  synthetic  coloring 
matters,  since  the  Schultz-Julius  tables  enumerate  681  such  colors.  Unfortimately 
the  experiments  of  Th.  Weyl,  which  were  planned  on  a  large  scale,  have  not  been 
completed,  and  apart  from  isolated  investigations  we  are  limited  in  passing  judgment 
upon  the  most  of  these  colors  to  the  proof  that  to  date  nothing  with  respect  to  harmful 
action  has  become  known.  *  *  *  Consequently  it  is  still  possible  that  one  or  the 
other  coloring  matter  which  may  to-day  be  regarded  as  above  suspicion,  or  a  newly 
discovered  coloring  matter  may  possess  poisonous  properties;  the  legislators  should 
under  all  circimistances  have  the  power  to  exclude  for  use  in  foods  all  suspicious 
combinations,  and  all  such  coloring  matters  as  are  not  easily  distinguishable  from  them. 

1  See  also  p.  30. 
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The  final  reconunendations  of  Schacherl  amount  to  permitting — 

1.  All  the  Azo  colors,  Noe.  7  to  393  of  the  Green  Tables,  except  No.  86. 

2.  All  the  Triphenylmethane  colors,  Nos.  427  to  492  of  the  Green  Tables,  except 
the  hydroxyl  derivatives,  which  would  be  Green  Tables  Noe.  483, 484, 485, 486,  and  491. 

3.  All  Pyronins,  Noe.  493  to  527  of  the  Green  Tables. 

4.  All  Oxyketones,  Nos.  537  to  570  of  the  Green  Tables. 

5.  All  Indulins,  Nos.  599,  601,  and  603  of  the  Green  Tables. 

6.  Naphthol  Yellow  S,  G.  T.  No.  4. 

7.  Methylene  Blue,  G.  T.  No.  650. 

The  use  of  all  other  coal-tar  colors  would  best  be  forbidden,  partly  from  hygienic 
and  partly  from  practical  considerations  (rendering  control  more  easy),  tmtil  the 
absolute  harmlessness  of  the  group  in  question  is  determined  by  physiological  test. 
*  *  *  It  should  be  required  of  all  permitted  coloring  matters  that  they  shall  not 
contain  substances  which  are  harmful  to  health,  or  even  suspicious,  eitherin  chemical 
union  or  as  contaminations.  (Fifth  Intematumal  Congress  of  Applied  Chemistry,  Ber^ 
lin,  190Sy  Vol,  IV,  pp.  1041-1048.) 

The  exclusions  recommended  are  all  nitro-colors,  except  Naphthol 
Yellow  S;  all  acridin  colors  and  all  chinolin  colors;  Auramin,  In- 
dophenol  and  all  nitro-colors,  except  Naphthol  Yellow  S,  Schacherl 
regards  as  not  necessary;  further,  he  has  no  knowledge  of  the  physio- 
logical action  of  any  of  the  azoxy  or  the  thiobenzenyl  colors,  and 
aside  from  Methylene  Blue,  he  has  no  knowledge  of  the  physiological 
action  of  the  oxazins  and  thiazins. 

CLASSIFICATION  OF  BECOMMENDATIONS  IN  rSE  UTEBATI7BE. 

The  following  table  shows  the  groups  of  coal-tar  colors  of  the 
Green  Table  classification  and  the  Green  Table  numbers  of  the 
members  of  each  of  the  groups,  together  with  the  favorable  or  unfa- 
vorable recommendations  found  in  the  literature  in  regard  to  each 
and  a  statement  as  to  those  regarding  which  no  recommendations 
are  made: 

TabiUation  of  recommendations  found  in  the  literature. 


Gronp 
num- 
ber. 

Green 

Table 

number. 

Name  of  color. 

Number  of  Individuals 
reported  on— 

Total  number. 

Un- 
favor- 
ably. 

(1) 

Favor- 
ably. 

(2) 

Con- 
flict- 

Re- 
ported. 

(4) 

Notre- 
ported. 

(5) 

1. 

1-6.... 

7-182  . 
13a-336.. 
337-382.. 
383-393.. 
394-398.. 
399^16.. 
417-424.. 
42^-426.. 
427-492.. 
493-627.. 
628-533.. 
634-670.. 
671-678.. 
679-616.. 
617-648.. 
649-657.. 
658-663.. 
664-667.. 
668-688.. 
68»-695.. 

NitTO 

4 
3 
3 

2 
10 
3 

0 
19 

7 

6 
32 
13 

0 

2 

Monoaxo 

94 

3 

Pimio  . 

191 

4 

TrlsaiOa^w  ^      ^ . 

46 

5 

Tetraldsaso 

11 

6 

Nltn»o 

0 
0 

1 
1 

1 
0 

2 
1 

a 

7 

StUbene 

17 

8 

Oxyketone 

8 

0 

Diphenylmethaiie 

1 
5 
2 
2 
0 
2 
2 
2 

0 
5 
5 
0 
0 
1 
3 
0 
0 
0 
0 
0 

0 
8 
1 
0 
1 
0 
2 
0 
1 
0 
0 
0 

1 

1 
18 
8 
2 
1 
3 
7 
2 
4 
1 
1 
2 
2 

1 

10 

Trfphenylmethane  .  

48 

11 

Xanthenee 

27 

12... 

Acridin 

4 

13 

Anthracene 

36 

14..     . 

Indophenola 

6 

15 

16. 

AEinL ... .:...:.: 

Ozadnfl 

31 
30 

17...  . 

Thlatlns 

6 

18 

Tblobensenyl 

6 

19 

Quinolin 

3 

20 

Sulphids 

19 

21 

Indigos 

6 

Total 

38 

32 

41 

106 

680 
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CONCLXT8ION8. 

Applying  the  Schacherl  rule,  ''Other  groups  which  contain  harmful 
or  merely  auspicious  colors  must  be  absolutely  excluded/'  to  this 
table  and  assuming  that  all  entries  in  colunms  1  and  3  shall  be 
regarded  as  rendering  such  colors  as  ''harmful  or  merely  suspicious," 
it  will  be  found  that  only  one  group,  namely  the  Stilbene  group, 
would  be  permitted  under  that  rule;  further,  that  this  rule  would 
admit  17  colors,  not  one  of  which  has  been  reported  on  in  the  Utera- 
ture  as  to  its  physiological  action.  This  state  of  affairs  tends  to  em- 
phasize the  difficulties  in  the  way  of  any  generalization  which  will  be 
safe  80  far  as  pubUc  health  is  concerned  and  fair  to  those  who  use 
food  colors  for  admittedly  legitimate  purposes  and  to  make  the 
following  reconmiendation  appears  to  be  the  only  satisfactory  way 
of  solving  the  food-color  problem: 

Although  it  would  be  possible  to  draw  quite  reliable  conclusions  as  to  the  advisa- 
bility of  employing  certain  colors  for  food  products  on  the  basis  of  their  chemical 
constituency,  the  mode  of  their  manufacture  and  of  the  ingredients  used  in  same, 
nevertheless,  I  think  that  by  far  the  safest  way  would  be  on  the  one  side  to  force 
the  dealers  of  colors  intended  for  food  products  to  sell  only  such  colors  with  which 
exhaustive  and  careful  physiological  tests  have  been  made  by  experienced  and  espe- 
cially impartial  and  thoroughly  reliable  people,  thereby  establishing  their  harmless- 
ness  beyond  a  doubt.  On  the  other  hand,  the  manufacturers  and  canners  of  food 
products  of  any  description  should  be  forced  to  purchase  and  use  only  those  colors 
which,  theyaresurehave  been  submitted  to  such  careful  tests  as  have  been  described 
and  by  these  tests  found  to  be  harmless.  (Lieber,  The  me  of  coalrtar  colors  in  food 
pndueU,  1904,  p.  150,) 

This  view  is  confirmed  by  Santori  *  {MoleschoWs  UTUersuchungen, 
1895,  Vol.  XV,  p.  67),  who  says: 

From  all  these  experiments  it  follows  that  it  is  impossible,  as  some  have  desired  to 
do,  to  conclude  simply  from  the  chemical  composition  and  constitution  whether  any 
given  coal-tar  dye  is  poisonous  or  nonpoisonous.  Thus  Indulin  belongs  to  the  same 
group  as  Printing  Blue  and  Methyl  Violet  to  the  same  group  as  does  Acid  Violet; 
therefore  each  individual  coal-tar  dye  must  be  separately  examined,  and  it  is  only 
by  this  laborious  method  that  the  use  of  all  really  poisonous  coal-tar  dyes  will  be 
prevented. 

Vn.  BEGOHMEVDATIOVS  HADE  BT  UlTITED  STATES  COLOB 
IHDUSTBIES  AHD  TBADES  TO  THE  DEPABTMEHT  OF  AGBI- 
CULTUBE. 

Prior  to  the  issuance  of  any  regulations,  the  commission  on  rules 
and  regulations  for  the  food  and  drugs  act,  June  30,  1906,  held  meet- 
ings in  New  York  City  during  September  of  that  year.  The  steno- 
graphic reports  of  those  meetings,  and  the  briefs  filed,  in  so  far  as  they 

>  Santori  examined  16  dlflerent  blue  and  violet  dyes  on  do0B  by  the  month  and  hypodennicaUy.  Of 
these  15, 8  an  poieonona  by  the  month  and  7  are  nonpolsonona  by  the  mouth.  He  found  Indulin  to  be  pols- 
qnooi  and  Pitaiting  Bine  to  be  nonpoiaoiiooa;  Add  Violet  to  be  nonpoiaonoua  and  Methyl  Violet  to  be 
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relate  to  colored  food,  colored  food  products,  or  material  for  coloring 
foods  or  food  products,  have  been  condensed  verbatim  in  the  following 
pages  with  the  sole  exception  of  omissions,  as  indicated;  for  obvious 
reasons  the  names  of  those  making  the  suggestions  hereinafter  quoted 
are  not  given.  This  review  of  opinions  expressed  and  recommenda- 
tions given  by  the  industries  and  trades  most  interested  in  the  manu- 
facture, use,  and  sale  of  food  colors  and  colored  food  products  is 
believed  to  be  fair  and  full  with  respect  to  each  and  every  quotation. 
The  numbers  in  parentheses  following  each  quotation  refer  to  the 
pages  in  the  stenographic  minutes  of  the  hearing  from  which  those 
quotations  are  made. 

ANTAGONISTIC  TO  ALL  ADDED  ABTIFICIAL  COLOR. 

1.  Our  position  in  the  coloring  question  is  that  we  are  opposed  to  all  artificial  coloring 
matter  in  food  products.    *    ♦    *    (p.  109). 

2.  Secondly,  speaking  first  of  our  own  business,  and  I  believe  that  my  view  would 
hold  as  r^ards  all  food  products,  it  is  my  opinion  that  all  added  artificial  coloring 
matter  in  food  products  should  be  prohibited.  My  experience  in  our  line  of  business 
demonstrates  this  to  me  beyond  any  question  of  doubt  (p.  439). 

CONCBKNINa  BJISTBICTIONS  AND  BEQUntEMENTS. 

WHAT  CLASSES   OF  COLORS  SHOULD   BE  PERMrTTED  TO   BE   USED. 

1.  All  colors,  irrespective  of  their  class,  whether  animal,  vegetable,  or  synthetic, 
which  have  been  physiologically  and  chemicaUy  examined,  and  which  will  neither 
retard  digestion  nor  have  special  physiological  effects  when  consumed  in  quantities 
corresponding  to  two  grains  per  day  per  adult  (p.  106). 

2.  On  the  use  of  colors  we  recommend  that  any  kind  of  a  harmless  color  should  be 
permitted  provided  it  is  not  a  color  generally  faiown  to  be  poisonous,  or  generally 
foimd  to  be  poisonoiis,  or  one  that  may  be  almost  impossible  to  be  produced  without 
containing  some  poison  within  itself,  when  finished  and  ready  for  use  (p.  119). 

3 .  Only  such  colors  as  are  guaranteed  to  be  harmless  by  reliable  manufactturers  should 
be  used  in  the  manufacture  of  confectionery  (p.  555). 

WHY  COAL-TAR  COLORS  SHOULD  NOT  BE  BARRED. 

4.  Coal-tar  colors,  as  a  class,  should  not  be  prohibited;  but  all  those  coal-tar  colors 
generally  found  to  be  poisonous,  or  which  are  hard  to  produce  without  containing 
poisonous  properties  when  ready  for  use,  should  be  forbidden  the  privilege  of  being  used 
or  offered  for  sale  for  use  in  food  (pp.  116, 117). 

5.  I  ought  to  put  in  a  plea  for  the  use  of  coal-tar  colors,  harmless,  of  course,  for  the 
reason  that  we  have  not  as  yet  been  able  to  find  any  vegetable  coloring  that  is  suitable 
that  will  give  us  the  results  that  we  require.  Coal-tar  colors,  as  everybody  knows, 
are  much  stronger  and  are  more  soluble  and  not  acted  upon  by  acids,  whereas  the 
vegetable  colors,  with  but  one  exception,  which  ia  a  dark  red,  we  have  found  great 
difficulty  in  making  use  of  for  bottled  soda  water.  Almost  all  the  vegetable  colors 
either  fade  out  or  change  on  account  of  the  citric  acid  in  the  syrup  or  food,  or  form  in  a 
little  while  a  precipitation  which  renders  the  goods  unsalable  (pp.  119, 1^). 

6.  *  *  *  aniline  butter  colorings  *  *  *  are  superior  to  all  vegetable  colors 
in  the  following  points:  (1)  Shade  and  brilliancy.  (2)  Strength,  by  which  less 
foreign  material  is  introduced  into  the  butter.  (3)  Permanency  when  exposed  to 
light  and  cold  storage.    (4)  No  effect  on  the  taste  or  flavor.    (5)  A  clear  solution 
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without  sediment  or  mud  which  gives  the  butter  a  uniform  tint  without  specks  (pp. 
176,  177). 

7.  We  recommend  ♦  *  *  that  the  use  of  harmless  coal-tar  colors,  such  as 
chrysoidine,  tropseoline,  azoflavine,  rocelline,  ponceau,  Bordeaux,  Biebrich  red, 
Bulphonated  fuchsin  and  naphthol  yellow  S  be  allowed,  subject  to  declaration  on  the 
label  of  the  quality  and  quantity  of  the  color  used  (p.  226). 

KELATION  OF  LABEL  TO  COLORED  FOOD  PRODUCTS. 

8.  *  *  *  if -it  seems  wise  in  the  opinion  of  the  commission  to  allow  certain  color- 
ing matters  in  food  products,  then  the  names  of  the  coloring  matter  ought  to  be  stated 
on  the  article  (p.  109). 

9.  *  *  *  I  suggest  that  the  use  of  aniline  colors  should  be  made  proper  if  it  is 
00  stated  on  the  label  (p.  127). 

10.  We  recommend  *  ♦  *  that  the  use  of  harmless  coal-tar  colors  *  ♦  *  be 
allowed  subject  to  declaration  on  the  label  of  the  quality  and  quantity  of  the  color 
used  (p.  226). 

LABELINO  OF  FOOD  COLORS  AS  DISTINGUISHED  FROM  COLORS  FOR  OTHER  USES. 

11.  We  recommend  that  if  by  any  means  the  Government  has  the  power  under 
the  food  laws  to  compel  color  manu&cturers  so  to  do,  they  be  compelled  to  label  all 
packages  containing  colors  intended  to  be  used  in  articles  of  food  as  colors  intended 
for  such  purposes  as  distinguished  from  colors  intended  for  other  purposes;  *  *  * 
(pp.  655,  555a). 

THE  TEST  OF  A  HARMLESS  COLOR. 

12.  A  harmless  color  is  one  ''which  will  neither  retard  digestion  nor  have  special 
physiological  effects  when  consumed  in  quantities  corresponding  to  two  grains  per 
clayperadult"(p.  106). 

QUAMTmr  OF  COLOR  TO  BE  CONSIDERED  IN  DETERMINING  HARMLESSNESS. 

13.  The  quantity  of  2  grains  is  mentioned  here  because  in  confectionery  where 
these  harmless  colors  are  more  used  perhaps  than  in  any  other  product,  it  would  be 
a  proportion  of  one  part  of  color  to  3,500  parts,  representing  1  pound  of  color  to  3,500 
pounds  of  confectionery,  and  that  is  why  that  was  accepted,  because  that  is  practi- 
cally the  rnaximum  quantity  used  in  confectionery  (p.  106). 

14.  In  the  very  minute  quantities  in  which  the  colors  are  used  in  carbonated  bev- 
erages, it  "would  seem  a  great  hardship  to  prevent  us  from  using  coal-tar  colors.  One 
ounce  of  coal-tar  red  will  color  satisfiictorily  from  1,000  to  2,000  gallons  of  soda  water. 
Of  yellow  and  orange  1  ounce  will  color  from  1,000  to  8,000  gallons.  It  is  readily 
seen  that  unless  the  coloring  used  is  absolutely  a  violent  poison  it  can  have  abso- 
lutely no  effect  on  the  consumer  who  takes  it  in  an  8-ounce  glass,  and  who  could 
not  possibly  consume  half  a  gallon  or  a  gallon  of  that  product  (p.  119). 

15.  On  this  basis  1,000  pounds  of  butter  would  contain  420  grains  of  aniline  color 
(p.  183). 

16.  One  ounce  of  color  to  30  pounds  colored  food  (p.  135). 

THE  NUMBER  OF  DIFFERENT  COAL-TAR  COLORS  REQUIRED. 

17.  And  if  I  were  on  this  committee  I  would  advocate  taking  out  two  or  three 
dyestuffs  which  beyond  any  shadow  of  doubt  are  harmless,  and  which  have  been 
experimented  upon,  and  which  would  be  sufficient  for  all  the  purposes  of  the  industry 
*  *  •  none  of  these  colors  are  patented,  anybody  can  manufacture  them  (pp. 
147, 148). 

97291*»— Bull.  147—12 4 
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18.  You  have  been  told  that  the  food  comminion  of  the  State  of  Pezmsylyaiua  is 
going  to  rule  that  seven  colore  ahall  be  allowed  in  the  State  of  Pennsylvania.  That 
is  not  enough,  because  it  is  not  possible  to  reproduce  all  of  the  required  shades  with 
those  colon  unless  you  take  the  seven  primary  colon,  when  you  can  reproduce  any 
colon.  But  it  is  absolutely  necessary  to  have  about  three  yellows  to  meet  the  require- 
ments of  the  trade.  Some  of  the  articles  that  are  put  out  have  an  organic  acid  nature, 
and  the  anilines  will  stand  that.  *  *  *  On  that  account  the  character  of  the 
food  product  must  be  taken  into  account  in  the  use  of  the  color,  and  the  confectionen 
have  about  30  colon  that  I  know  positively  of    *    *    *    (p.  160). 

19.  We  recommend  that  *  *  *  chrysoidine,  tropaeoline,  azoflavine,  rocelline, 
ponceau,  Bordeaux,  Biebrich  red,  sulphonated  fuchsin,  naphthol  yellow  S  be 
aUowed    *    *    *    (p.  226). 

MANU7ACTURING  REQUIBEMENT8  WHICH  COAIrTAB  COLORS  MUST  FULFIL. 

20.  Coal-tar  colon,  as  everybody  knows,  are  much  stronger  and  aro  more  soluble 
and  are  not  acted  on  by  acids.  *  *  •  Almost  all  the  vegetable  colore  either  fade 
out  or  change  on  account  of  the  citric  acid  in  the  syrup  or  food,  or  form  in  a  little 
while  a  precipitation  which  rendere  the  goods  unsalable  (p.  119). 

21.  There  are  many  of  these  colore  (coal-tar  colore)  that  wiU  not  stand  the  natural 
acids  produced  in  manufacturing  foods.  For  instance,  in  making  confectionery,  in 
boiling  candy  you  make  a  certain  grade  of  candy  where  the  mixture  is  boiled  to 
230^.  A  certain  color  will  stand  that  temperature.  Then  you  take  another  candy 
and  that  is  boiled  to  320^  or  340^  F.,  and  the  colore  that  will  stand  230^  will  in  many 
cases  not  stand  the  temperature  of  340^,  while  another  class  of  colore  will  stand  that 
temperature.  So  you  have  got  to  distinguish  and  get  a  color  that  will  stand  these 
difficult  requirements  (pp.  159,  160). 

GUARANTEES  AND  GOVERNMENT  CONTROL. 

22.  Only  such  colore  as  are  guaranteed  to  be  harmless  by  reliable  manufacturere 
should  be  used  in  the  manufacture  of  confectionery  (p.  555). 

23.  We  recommend  *  *  *  that  the  Government  procure  samples  of  such  colore 
from  time  to  time,  wherever  they  have  jurisdiction  so  to  do,  and  if  such  colore  be  not 
legal  for  such  purposes  tmder  the  food  law,  that  the  same  be  prosecuted  and  driven 
off  the  market  in  so  far  as  the  Government  has  the  power  to  do  so;  and  if  no  means 
can  be  devised  to  compel  such  labeling  of  colore  intended  for  food  purposes,  then 
that  the  Government  procure  such  evidence  as  possible  as  to  the  purx>ose  for  which 
a  color  is  intended  to  be  used,  and  if  such  evidence  shows  a  food  purx>ose,  that  such 
color -be  prosecuted  if  illegal  under  the  food  law  (pp.  555,  555  a). 

24.  See  page  13. 

25.  The  chemical  test  is  the  first,  and  that  might  throw  out  a  color  on  account  of 
its  containing  a  little  tin  or  zinc,  or  some  substance  foreign  to  the  food  product. 
Whether  that  is  deleterious  in  the  quantity  in  which  it  is  present  or  not  is  immaterial 
(p.  160). 

26.  In  a  brief  filed  the  following  suggestions  were  made: 

It  must  be  stated  that  all  the  chemist  can  determine  is  whether  or  not  the  colors 
contain  some  impurities  that  are  known  to  be  of  poisonous  nature.  Aniline  colore  are 
or  can  be  made  entirely  free  of  such  impurities,  and  with  this  fact  establi^ed  the  task 
with  the  chemist  is  exhausted.  When  it  comes  to  decide  the  question  whether  or  not 
a  color  by  itself,  when  free  of  all  impurities,  is  injurious  to  health  or  not,  then  the 
chemist  is  not  the  proper  authority;  it  is  for  the  physiologist  and  for  the  medical  pro- 
fession to  pass  on  such  questions.  Chemical  theories  go  for  nothing  in  deciding  such 
questions.  It  would  not  even  do  to  classify*  colore  or  other  substances  according  to 
their  makeup,  as  it  has  been  shown  again  and  again  that  substances  belonging  to  the 
same  chemical  class  are  entirely  different  in  regard  to  the  physiological  conduct. 
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Reliable  informatiQn  on  this  subject  can  be  gained  only  by  phyBiological  experiment, 
as  we  can  not  say  definitely  whether  a  substance,  color  or  any  other,  la  injurious  or 
not  without  finding  out  for  every  substance  by  experiment.  This  has  been  done  for  a 
consideiable  number  of  aniline  colors,  and  these  experiments  are  the  only  things  that 
deserve  any  attention.  Everything  else  is  idle  talk.  *  *  •  There  are  a  very 
large  nimiber  of  aniline  colors  tiiat  have  not  been  treated  yet,  and  we  are  safe  in  saying 
that  among  these  will  be  also  some  harmless  and  others  injurious.  As  they  have  not 
been  experimentally  tested,  we  do  not  know  which  are  harmless  and  which  are  not; 
It  will  therefore  be  clear  that  a  law  forbidding  the  indiscriminate  use  of  aniline  color 
f<v  the  purpose  of  coloring  articles  of  food  is  necessary  and  useful. 

But  if  the  meaning  of  the  law  is  to  prevent  cmly  the  use  of  injtirious  colors,  as  it 
appears  to  be,  then  the  way  to  proceed  would  be  very  definitely  outlined.  Besides 
physiological  colors,  all  such  colors  should  be  forbidden  that  have  been  found  to  be 
injurious  and  such  aniline  colors  as  have  not  been  tested  sufficiently.  There  will 
then  be  left  over  a  nimiber  of  aniline  colors  which  have  been  proven  by  experiment 
to  be  entirely  harmless,  even  if  taken  in  large  doses. 

The  experimenters  were  quite  impartial.  They  had  no  preconceived  ideas,  but 
started  simply  to  find  out  the  true  state  of  affairs.  Their  reports  are  therefore  very 
reliable,  and  it  will  not  do  to  overlook  or  to  ignore  them.  The  colors  that  they  fotmd 
harmless  can  be  considered  perfectly  safe,  so  much  the  more  as  the  doses  conveniently 
taken  with  food  would  be  much  smaller  than  the  doses  that  have  proven  to  be  harm- 
less. These  harmless  aniline  colors  carry  all  the  shades  wanted  in  the  food  industry. 
The  law  should  provide  that  one  of  these  colors  (or  mixtures  of  these)  must  be  used 
when  a  food  article  is  being  colored,  because  these  few  aniline  colors  are  the  only 
colors  that  can  be  considered  perfectly  safe  as  far  as  our  present  knowledge  ^oes. 
Nothing  should  be  left  to  guesswork  or  experimenting,  as  is  the  case  just  now.  The 
cobrs  that  are  permitted  should  be  enimierated  by  their  scientific  as  well  as  by  their 
oonmiercial  names,  and  only  such  colors  should  be  listed  as  permissible  for  coloring 
food  products  as  have  been  proven  to  be  harmless,  even  in  large  doses.  Provision 
should  be  made  to  insure  the  purity  of  the  colors  sold  for  coloring  food;  the  manner 
of  packing  such  colors  and  the  labeling  of  same  should  be  laid  down  clearly,  and  aU 
colors  now  listed,  aniline  as  well  as  physiological  colors,  should  be  strictly  forbidden. 
If  the  problem  is  viewed  without  preoccupation  and  prejudice,  the  facts  given  above 
will  speak  for  themselves. 

Vm.  nrVESTIGATIOVS,  OTHEB  teas  OV  AiriHALS,  BEAEDTG  OV 
THE  HASMFUUfESS  OF  COAL-TAB  COLOBS. 

PFEFFEB. 

Pfeffer,  writing  on  the  Absorption  of  Anilin  Colors  by  Living 
Cells,  summarizes  his  results  as  follows: 

The  relatively  little  poisonous  Methylene  Blue  does  damage  protoplasm  in  a  solution 
of  0.001  per  cent. 

Methyl  Violet:  This  coloring  matter  is  not  only  stored  up  in  the  juices  of  the  cell, 
but  is  idso  able  to  color  the  living  protoplasm,  and  care  is  necessary,  on  account  of  the 
poisonous  nature  of  the  Methyl  Violet,  to  prevent  damage;  these  cautions  are  based 
upon  solutions  of  0.0003  to  0.00001  per  cent  strength. 

Methyl  Violet  less  poisonous  than  Cyanin. 

Bismarck  Brown  about  as  poisonous  as  Methylene  Blue. 

Fuchsin  as  poisonous  as  Methylene  Blue. 

Safranin  as  poisonous  as  Methylene  Blue. 

Methyl  Orange  is  poisonous  only  to  a  slight  degree. 

Tropeeolin  000,  Tropeeolin  00,  and  Rosolic  Acid  are  not  poiBonous. 
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Methylene  Green  as  poisonous  as  Methyl  Violet. 

Nigrosin  as  poisonous  as  Methyl  Violet. 

Eosin  (Tetraiodo  fluorescein)  kills  in  0.1  per  cent  solution,  but  lets  live  24  hours  in 
0.01  per  cent  solution.  (  Untersuchungen  au$  dem  Botanischen  InsHtiU  zu  Tuebingen, 
188$-S8,  vol  f ,  pp,  179^31,) 

WINOGBADOW. 

Winogradow  reports  on  the  influence  of  certain  coal-tar  colors  on 
digestion,  which  experiments  were  carried  out  in  glass.  The  con- 
clusions arrived  at  are  as  follows:* 

The  twelve  colors,  Safranin  (5845,  Azo  Fuchsin  G.  (93),  Coerulein  S.  (527),  Jodeoein 
(516),  Magdala  Red  (614),  Benzopurpurin  (277,  278,  279,  307),  Ponceau  2R  (55), 
Orange  II  (86),  Phloxin  RBN  (?),  Chrysanilin  (532),  Azoflavin  (92),  and  Cerise 
(mixture  of  448  and  532),  even  in  amounts  of  a  few  milligrams,  which  in  relation  to 
the  digestive  fluid  make  up  only  a  few  tenths  or  himdredths  of  a  per  cent,  exercise  a 
strongly  retarding,  almost  completely  inhibitive,  action  upon  the  peptic  digestion  of 
albumen. 

The  thirteen  colors,  Chinolin  Yellow  (667),  Acid  Green  (434,  435),  Azo  Acid  Yellow 
(92),  Naphthol  Yellow  (4),  Primulin  (659),  Anilin  Orange  (87),  Metanil  Yellow  (95), 
Methylene  Green  (651),  lodin  Green  (459),  Yellow  T  (84),  Anilin  Green  (?) 
Auramin  0  (425),  and  Martins  Yellow  (3),  retard  the  digestive  action  noticeably, 
although  to  a  slighter  degree  than  the  first  12  colors;  in  any  event  they  are  not  indif- 
ferent.   {ZU.  Nahr.  Genuitm.y  1903,  v.  6,  p.  589.) 

HBIDENHAIN. 

Heidenhain,  in  his  book  entitled  "Ueber  chemische  Umsetzungen 
zwischen  Eiweisskorpem  und  Anilinfarben''  (Bonn,  Germany,  1902), 
reports  on  the  behavior  of  70  different  coal-tar  colors,  3  intermediate 
products,  and  4  raw  materials  toward  various  albuminoids  such  as 
aerumalbumen,  albumen,  and  casein. 

Of  these  70  colors,  21  have  been  investigated  physiologically,  and 
the  results  embodied  in  this  report;  and  of  these  21,  17  were  on  the 
United  States  market  as  food  colors  and  4  were  not  on  this  market. 

Limiting  the  attention  to  the  17  that  were  oflTered,  4  of  them  are 
among  the  7  permitted  colors  of  Food  Inspection  Decision  76. 

In  the  cases  where  albumen  and  casein  were  used,  they  were 
employed  in  0.5,  0.1,  0.02,  0.01,  and  0.005  per  cent  solutions,  acidified 
with  acetic  acid;  the  coloring  matter  was  employed  in  a  1  per  cent 
solution  in  the  first  strength,  in  0.1  per  cent  solution  in  the  second 
and  third  strengths,  and  in  a  0.02  per  cent  solution  in  the  fourth  and 
fifth  strengths,  and  one  volume  of  coloring-matter  solution  was 
brought  in  contact  with  five  volumes  of  albuminoid  solution. 

The  following  colors  precipitated  the  albuminoid  in  all  the  strengths. 
The  numbers  in  parentheses  indicate  the  Green  Table  numbers; 

>  It  is  not  always  possible  to  identify  the  trade  names  0ven  by  Winogradow  with  spedflc  numbers  in 
the  Oreen  Tables;  the  nmnbers  in  parentheses  after  the  name  indicate  the  number  in  the  Oreen  Tables 
wherever  that  identification  oould  be  made  with  any  reasonable  oertalnty ;  wherever  two  or  more  numbers 
i^>pear,  the  context  indicates  that  the  name  might  apply  to  any  one  or  all  of  them. 
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the  niunbers  in  italics  are  those  of  the  permitted  list  of  Food  Inspec- 
tion Decision  76:  (55)  Ponceau  2  R,  (65)  Fast  RedB,  (434)  Light 
Green  SF  bluish,  (66)  Ponceau  3  R,  and  (106)  New  Coccin. 

The  following  precipitated  in  all  but  the  fifth  strength:  (107) 
Amaranth. 

The  following  precipitated  only  the  first  three  strengths:  (14) 
Orange  G  and  (85)  Orange  I. 

The  following  precipitated  only  the  first  two  strengths:  (462)  Acid 
Magenta. 

For  the  basic  colors  the  method  of  testing  was  different  from  that 
described  for  the  acid  colors  and  the  amounts  employed  were  not  so 
definitely  set  forth.  A  1  per  cent  solution  of  serum  albuminoid  was 
employed;  the  solution  of  coloring  matter  used  varied  in  strength 
from  0.5  to  1  per  cent  (6),  a  ''very  dilute  solution''  (a)  being  also 
employed.  The  annotations  given  by  the  author  (p.  1 14)  are  herewith 
reproduced  in  full : 

(17)  Chrysoidin  Y.  (a)  In  a  very  dOute  solution  the  yellow  base  is  at  once  liber- 
ated, and  when  sufficient  color  is  added  albumen  precipitation  takes  place.  No  color 
change  on  heating.  (6)  Turns  yellow  at  once.  Further  additional  color  produces  a 
brown  and  albumen  precipitation. 

(201)  Manchester  Brown,  (a)  Becomes  yellow  at  once,  due  to  separation  of  the 
free  base.  On  heating  no  change.  (6)  Becomes  a  discolored  brown,  and  produces  a 
nice  brown  albumen  precipitate. 

(425)  Auramin  0.    (a)  No  change.    (6)  Precipitates  albumen  strongly. 

(427)  Malachite  Green.  (The  oxalate  of  tiie  color  was  used.)  (a)  Color  changes 
from  a  blue-green  to  a  more  pure  green.  (6)  Cold,  no  precipitation  of  albumen; 
heated,  sudden  precipitation  of  albumen. 

(428)  Brilliant  Green.  (A  sulphate  of  the  color  was  used.)  (a)  Becomes  milky. 
(6)  Immediate  precipitation  of  albumen. 

(448)  Magenta.  (Acetate  and  nitrate  were  used,  and  in  both  acted  the  same.)  (a) 
Color  changes  from  yellowish-red  to  rose-red.  (6)  Albumen  precipitation  abundant, 
even  in  the  cold. 

(451)  Crystal  Violet,  (a)  The  color  loses  its  reddish  cast  and  changes  to  pure  blue. 
(6)  Albumen  precipitated  by  the  use  of  much  color. 

(4)  Naphthol  YeUow  S  was  tested  as  the  free-color  acid  and  not  as  the  sodiiun  or  potas- 
siimi  salt,  which  is  its  conmiercial  form.  It  precipitated  the  albuminoid  from  the 
following  solutions:  1.  1  per  cent  serum  albiunen  in  water.  2.  0.5  per  cent  serum 
albumen  in  10  per  cent  acetic  acid.  3.  Casein,  0.5  per  cent  in  10  per  cent  acetic  acid. 
4,  Serum  albumen;  5,  Casein;  6,  Nuclein,  all  in  0.5  per  cent  solution  in  0.2  per  cent 
sodium  hydroxid.    7.  Nucleinic  acid  in  0.5  per  cent  water  solution. 

The  relationship  between  the  amounts  of  color-acid  and  albuminoid 
solution  here  used  does  not  appear  definitely  in  the  book. 

Having  reference  now  to  the  literature  and  the  physiological 
action,  as  compiled  herein,  it  will  be  observed  that  the  ability  to  pre- 
cipitate albumen,  or  not  to  precipitate  it,  under  the  conditions  of 
Heidenhain,  appears  not  to  have  any  direct  connection  with  the 
results  obtained  by  actual  physiological  test  on  animals  or  man. 
For  instance,  among  the  five  that  precipitated  all  five  strengths  of 


Digitized  by 


Google 


54         COALrTAE  COLOBS  USED  IN  FOOD  PRODUCTS. 

albumen  and  casein,  No.  65,  Fast  Red  B,  of  the  Oreen  Tables,  has 
been  found  to  be  not  harmful  by  tests  actually  described;  No.  56, 
Ponceau  3  R,  belongs  to  a  class  of  colors  generically  permitted  by  the 
law  of  Austria;  Nos.  55,  Ponceau  2  R,  and  106,  New  Coccine,  have 
been  reported  on  both  favorably  and  unfavorably  by  different  experi- 
menters; No.  434,  Light  Green  SF  bluish  on  physiological  examina- 
tion has  been  described  as  suspicious. 

From  this  it  appears  that  two  colors,  physiologically  probably 
harmless,  precipitated  all  the  five  strengths  of  albumen,  and  three 
colors,  which  are  perhaps  no  more  than  suspicious,  likewise  precipi- 
tated all  five  strengths  of  albumen. 

No.  107 f  Amaranth,  which  has  been  examined  with  favorable 
results  by  two  different  experimenters,  precipitates  four  out  of  the 
five  strengths. 

Of  the  two  colors  precipitating  the  first  three  strengths,  both  have 
been  examined  physiologically  with  favorable  results,  namely,  Nos. 
14,  Orange  6,  and  85 ,  Orange  I. 

The  color  which  precipitated  only  the  first  two  strengths,  namely. 
No.  462,  Acid  Magenta,  has  likewise  been  examined  physiologically, 
and  the  reports  are  favorable. 

Thus  it  would  seem  that  there  is  no  definite  connection  between  the 
physiological  action  and  the  abihty  to  precipitate  albumen  from 
acetic  acid  solution  in  the  case  of  acid  colors. 

In  the  case  of  basic  colors  the  situation  seems  to  be  somewhat 
different. 

OTHER  Authors. 

Rosenstiehl  {Fifth  Iniemaiiondl  Gongress  of  Applied  Ohemistryj 
Vol.  Ill,  p.  700)  states  that  when  the  color  is  present  in  an  excess, 
yeast  absorbs  8  per  cent  of  Magenta  (448)  and  5  per  cent  of  Malachite 
Green  (427,  428).  The  Acridms  (528-538),  the  Thionins  (649-657), 
the  Safranins  (583,  584),  and  the  Rosanilins  (447-448)  dye  yeast  the 
best;  solutions  containing  3  per  cent  by  weight  of  the  dry  weight  of 
the  yeast  are  completely  decolorized  by  such  yeast  and  at  ordinary 
temperatures.  The  Eosins  and  Phthaleins  dye  the  yeast  only  incom- 
pletely, whereas  Azo  dyes  (7-393)  (with  the  exception  of  Benzo  Pur- 
purin,  277, 278,  279,  309)  do  not  dye  yeast  at  all.  Such  dyed  yeast, 
however,  is  not  dead;  it  has  merely  lost  its  power  to  cause  fermenta- 
tion. The  numbers  in  parentheses  are  the  corresponding  numbers  in 
the  Green  Tables  as  nearly  as  they  could  be  identified. 

Bokomy  {Clwm.  Ztg.,  1906,  v.  30,  p.  217)  examined  Magenta  (448), 
Safranin  (584),  Victoria  Blue  (487,  488  or  490),  Methylene  Blue  (650), 
and  Alizarin  Blue  (562  or  563)  (the  nimibers  in  parentheses  are  the 
probable  Oreen  Table  numbers)  as  to  their  effect  on  micro-organisms 
such  as  yeast  cells,  infusoria,  and  the  like,  and  found  that  these  dyes 
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in  a  concentration  of  1:100,000  killed  them,  whereas  stiychnin 
nitrate  in  the  same  concentration  is  substantially  without  ejSect. 
Death  is  caused  by  absorption  of  the  dye  by  the  albumen  of  the 
protoplasm.  The  dyes  seem  to  be  absorbed  not  only  by  living  albu- 
men,  but  also  by  living  nerve  cells  and  fibers.  Pure  anilin  or  coal- 
tar  colors;  however,  are  not  poisonous  in  the  ordinary  meaning  of  the 
words,  that  is,  humans  are  not  likely  to  be  easily  injured  by  them. 

Houghton  (J.  Amer.  Ghem.  Soc.,  1907,  v.  £9,  pp,  1S61-1S57)  shows 
that  Bismarck  Brown  (197,  201)  and  Crocein  Scarlet  (160?)  hinder 
the  peptic  digestion  of  fibrin,  casein,  and  albumen. 

Stilling  {AnUinfarbstoffe  aU  Antiseptica,  1890,  v.  2,  pp,  66-66)  states 
that  he  found  the  animal  cells  to  be  affected  by  pure  coal-tar  colors 
in  the  same  way  that  vegetable  cells  were  affected. 

Penzoldt,  based  upon  the  experimental  work  of  Beckh  {Archiv. 

Exp.  Path.  PharmaJc.  1890,  v.  i6,  p.  SIO),  reports  as  follows: 

Of  the  15  dyee— 

Green  Table 
Name.  number. 

1.  Malachite  Green 427 

2.  Hofman'8  Violet  (methyl  variety) 460 

3.  Methyl  Violet 451 

4.  Rose  Bengal  (ErythroBin) 617 

6.  PhenylBlue 480 

6.  Methylene  Blue «50 

7.  Fuchain 448 

8.  Caralline 484 

9.  Eosin 512 

10.  Methyl  Orange 87 

U.  Veeuvin 197 

12.  Tiropaeolin 88 

13.  ScarletRed (?) 

14.  CJongoRed 240 

15.  Indulin  sulpho  acid 601 

tU  of  which  are  water  soluble  and  when  used  were  free  from  azsenic,  only  the  first  six 
in  saturated  solution  arrested  the  development  of  Staphylococus  pyogenea  aureus,  and 
of  these  six  all  but  the  Erythrosin  and  Methylene  Blue  arrested  the  growth  of  anthrax 
badUus. 

Of  these  six  when  injected  into  rabbits  subcutaneously  the  following  produced  no 
cfaanges  of  consequence:  Erythrosin  (250),  Phenyl  Blue  (100),  Methylene  Blue  (75). 
The  numbers  in  parentheses  show  the  number  of  milligrams  of  dye  per  kilo  body 
weight  of  the  rabbits. 

Methyl  Violet  (50)  produced  only  local  changes,  such  as  gangrene. 

Malachite  Green  (100)  and  Hofmim's  Violet  (20)  produced  muscular  paralysis,  which 
in  the  case  of  Malachite  Green  resulted  fatally  on  the  ninth  day;  in  the  case  of  Hof- 
man's  Violet  the  paralysis  was  complete  on  the  tenth  day. 

The  remaining  nine  colon  are  apparently  of  no  effect  upon  staphylococus  or  upon 
anthrax. 

H.  W.  Williams  {A  Mamidl  of  Bacteriology,  1906,  p.  £00),  under 
''Disiiifectants  and  GermicideB/'  says: 

Aniline  dyes.  Many  of  these  substances,  notably  pyoktanin  (Methyl  Violet),  pos- 
sess gennicidal  properties.    A  solution  of  1: 5000  will  Idll  the  anthrax  bacillus  in  two 


Digitized  by 


Google 


56         COAL-TAB  COLORS  USED  IN  FOOD  PRODUCTS. 

houiB.  A  much  stronger  solution,  1:150,  is  required  to  kill  the  typhoid  bacillus  in 
the  same  time.  Malachite  Green  is  said  to  possess  even  greater  germicidal  power  than 
pyoktanin.    Methylene  Blue  also  possesses  considerable  germicidal  power. 

IX.  COHPILATIOV  UHDEB  THE  Q23SEN  TABLE  inTMBEBS  OF  ALL 
DTFOBMATIOV  AVAILABLE  AS  TO  THE  SXnTABIUTT  OF  COAL- 
TAB  COLOBS  FOB  FOOD. 

QENEBAL  STATEMENTS. 

Before  entering  upon  a  detailed  study  of  what  has  been  published 
for  and  against  specific  coal-tar  colors,  it  is  probably  well  to  consider, 
for  whatever  they  may  be  worth,  some  of  the  general  statements  that 
have  been  made,  from  time  to  time,  in  the  Uterature  relative  to  coal- 
tar  colors,  considered  either  as  a  whole  or  as  subdivisions  or  classes 
thereof,  and  their  physiological  action  or  their  suitability  for  use  in 
foods. 

1.  Schultz  (Die  Chemie  des  Steinkohlentheers,  Brunswick,  1887-1890, 
Vol.  II,  p.  S5),  after  discussing  the  regulations  of  the  German  Empire 
in  respect  to  food  coloring,  says: 

With  respect  to  these  regulations  the  artificial  organic  coloring  matters  can  be 
regarded,  in  general,  as  harmless.  For  the  purposes  of  dyeing  magenta  made  by 
means  of  arsenic  acid,  further  picric  acid,  and  those  coloring  matters  which  occur  as 
oxalates  or  zinc  chlorid  double  salts,  such  as  Methylene  Blue  and  Bitter  Almond  Oil 
Green,  can  be  used .  The  use  of  the  substances  named  for  the  coloring  of  food  products 
is,  however,  suspicious  and  should  not  be  permitted. 

2.  Stilling  (AnUinfarbstoffe  ala  Antiseptica,  Strassburg,  1890,  Vol. 
II,  pp.  65-56)  says: 

In  view  of  the  fact  that  the  most  innocent  substance,  such  as  distilled  water  or  com- 
mon salt,  when  introduced  in  large  quantities  into  the  organism  can  act  fotally,  the 
anilin  coloring  matters  therefore,  particularly  if  they  be  free  from  all  admixtures,  such 
as  arsenic,  copper,  and  chlorid  of  zinc,  are  to  be  regarded  as  wholly  nonpoisonous. 

All  experience  gathered  since  my  first  publication  has  likewise  fully  confirmed  this 
nonpoisonous  nature. 

3.  Stilling  (Ber.  Klin.  Wochen^ch.  1890,  p.  6S1)  also  says: 

Proceeding  from  purely  theoretical  views,  and  based  upon  these  botanical  and 
physiological  experiments,  I  have  recommended  anilin  colors  as  antiseptics  for  the 
following  reasons: 

1.  They  are  to  be  designated  as  absolutely  nonpoisonous.  This  will  be  confirmed 
by  every  chemist  acquainted  with  the  relevant  details,  and  also  from  the  medical  side 
this  has  long  ago  been  determined  by  Grandhomme.  The  publications  of  this  author, 
who  made  extensive  observations  and  experiments  in  the  anilin  factory  of  Meister, 
Lucius  db  Bruening,  appeared  in  the  beginning  of  the  eighties,  and  has  hardly  become 
known  in  medical  circles.  However,  I  was  first  made  acquainted  with  this  by  my 
colleague.  Prof.  Rose,  in  Strasburg. 

2.  That  it  is  possible  to  bring  about  death  in  experimental  animals  by  introducing 
large  amounts  of  the  coloring  matter  into  the  peritoneal  cavity  proves  nothing  against 
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the  nonpoisonous  nature  of  these  subetances.  This  action  is  to  be  regarded  as  a  purely 
mechanical  one,  a  view  which  I  will  thoroughly  confirm  in  my  second  communication. 
With  respect  to  the  anilin  colors  not  soluble  in  water,  Ehrlich  long  before  me,  in  his 
excellent  publication  on  the  oxygen  requirements  of  the  organism,  has  arrived  at  this 
view,  and  has  excellently  described  it  as  merely  a  penetration  of  the  organs. 

4.  Lehmann  {Methoden  der  Praktischen  Hygiene,  Wiesbaden,  1890, 
p.  543)  says: 

The  hygienic  significance  of  coal-tar  colors  has  heretofore  been  judged  quite  vari- 
ously. When  the  intensely  poisonous  nature  of  the  first  impure  and  particularly 
arBenic-containing  coloring  matters  became  known  the  inclination  was  to  judge  the 
coal-tar  coloring  matters  very  strictly;  when  it  was  subsequently  recognized  that 
the  contaminations  were  largely  the  cause  of  the  harmfulness  to  health,  there  followed 
a  period  in  which  no  poisonous  coal-tar  coloring  matter  was  known  in  any  pure  con- 
dition. (Eulenberg  &  Vohl,  1870.)  More  recent  investigations,  however,  have 
disclosed  a  series  of  coal-tar  coloring  matters  which,  as  a  matter  of  iact,  possess  a  con- 
siderable poisonous  action,  and  already  cases,  although  not  numerous,  have  become 
known  in  which  serious  and  even  f&tsl  poisonings  by  means  of  pure  coal-tar  colors 
have  arisen.  Alongside  of  this  there  still  continue  to  exist  the  possibilities  described 
by  Etilenberg  and  Vohl  (Viertel-Jahressch.  fOr  Gerichtliche  Mediz,  1870),  whereby 
harmless  coloring  matters  become  harmful;  but  the  realization  of  these  possi- 
bilities has  become  essentially  more  seldom  through  improvements  and  changes  in 
manufacture. 

5.  Stilling  (Arch.  Exper.  Pathol  PharmaJc.,  1891,  v.  28,  p.  352),  in 
speaking  of  the  anilin  colors  as  antiseptics,  says: 

It  is  the  nonpoisonous  natiu^  of  these  substances,  their  easy  solubility  and  dif- 
fusibility,  and  above  all  their  inability  to  coagulate  albumen  which  lends  them  their 
importance,  which  now  can  be  only  difiicultly  denied. 

Note. — ^The  work  of  Heidenhain  abstracted  in  Section  VIII  does 
not  fully  bear  out  this  article. 

6.  Erdmann  {Pharm.  Centralh.,  1892,  v.  33,  p.  357)  says: 

The  sulphonated  as  well  as  the  carboxylated  coal-tar  dyes  will  not  have  any  pro- 
nounced action  on  the  organism.  Acid  dyes  may  therefore  be  regarded  in  general 
as  nonpoisonous,  whereas  in  the  case  of  basic  dyes  a  physiological  examination  is  to  be 
recommended  before  they  are  permitted  to  be  applied  to  articles  in  daily  use  or 
indeed  to  be  used  in  food  or  drink. 

Note. — Out  of  the  80  different  dyes  on  the  food-color  market  in 
the  summer  of  1907  whose  composition  was  avowed,  15  were  basic 
and  65  were  acid. 

7.  Tschirch  expressed  himself  as  follows: 

1.  The  coal-tar  colors,  and  in  a  narrower  sense  the  anilin  colors,  are  no  longer 
harmful  on  account  of  their  arsenic  content,  since  at  the  present  time  the  great  majority 
of  them  are  prepared  free  from  arsenic. 

2.  Some  colors  have  shown  themselves  to  be  harmful  to  the  system. 

3.  Coal-tar  colors,  in  general,  should  therefore  be  permitted  for  the  coloring  of  foods, 
but  those  that  have  been  found  to  be  harmful  should  be  expressly  and  specifically 
tobidden. 
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4.  The  amount  of  coloring  matter  which  has  been  determined  quantitatively  in 
bonbons  and  liqueurs  is  so  small  that  even  the  ones  regarded  as  poisonous  would  not 
be  able  to  develop  their  harmful  effects.  (ZU.  Nakn.  Unten.  Hygiene  Waarenk., 
189S,  V,  7,  p.  SS8,) 

8.  Geoi^evics  (Lehrbuch  der  Farbenchemie,  Leipzig,  1S9B  p.  10) 
says  under  ^ Poisonous  nature  of  the  coloring  matters:" 

It  is  a  little  known  ^t  that  of  the  very  large  number  of  organic  coloring  matters 
only  a  few  have  been  found  to  be  poisonous;  these  are  Picric  Acid,  Victoria  Orange 
(Saffron-fiiuTogate),  Aurantia,  Metanil  Yellow,  Orange  II,  and  Safranin.  The  preju- 
dice which  is  still  quite  widely  accepted  that  most  of  the  artificial  coloring  matters 
are  poisonous  dates  from  the  early  periods  of  anilin-color  manufacture,  at  which  time 
magenta  and  the  coloring  matters  made  from  it  occiured  in  commerce  highly  con- 
taminated with  arsenic.  At  present,  however,  these  coloring  matters  are  prepared 
absolutely  free  from  arsenic,  and  are,  as  such,  nonpoisonous.  A  few  coloring  mat- 
ters which  occur  commercially  as  zinc  chlorid  double  salts,  such  as  Methylene  Blue 
and  Malachite  Green,  may  be  harmful  in  consequence  of  their  zinc  content,  and 
shotild  therefore  never  be  employed  in  the  coloring  of  food  products.  *  *  *  In 
consequence  of  their  physiologiod  activity  some  coloring  matters  are  employed  as 
medicines,  indeed  principally  Methyl  Violet,  Auramin  and  Methylene  Blue.  The 
first  two,  known  as  blue  and  yellow  Pyoctanin  (pus-destroying)  are,  owing  to  their 
great  antiseptic  action  and  diffusibility,  valuable  medicines;  on  account  of  the 
impleasant  coloring  effect  accompanying  them  they  are  but  little  used.  Methyl 
Violet  was  first  recommended  as  an  antibacterial  remedy  in  diseases  of  the  eye  by 
Stilling;  subsequently  it  has  been  employed  in  other  special  cases;  its  principal 
tise,  however,  is  in  surgery  for  the  prevention  of  malignant  proud  flesh. 

The  use  of  Auramin  is  entirely  analogous. 

Methylene  Blue  (as  a  free  base)  is  used  principally  as  an  analgesic  (pain-relieving 
remedy)  and  is  given  internally;  on  accoimt  of  its  ability  rapidly  to  diffuse  through 
the  tissues  of  the  nervous  system;  it  can  also  be  introduced  by  injection.  It  is  used 
as  a  remedy  against  malaria,  carcinoma,  Bright's  disease,  etc. 

The  following  have  been  tested  as  remedies  or  as  antiseptics:  Safranin,  Lydin 
(Mauvein),  Vesuvin,  Anilin  Blue,  Carbolic  Magenta,  Alizarin  Yellow  C  (Gallaceto- 
phenone) ,  etc.  The  potassium  salt  of  Dinitro-ortho-cresol  was  brought  into  com- 
merce by  the  Farben&briken  vorm.  Friedr.  Bayer  db  Co.,  imder  the  name  of  Anti- 
nonnin,  and  has  given  excellent  results  as  a  means  against  formation  of  mold  in 
cellars  and  against  wood  fungi. 

9.  Weyl  (HaTidbuch  der  Hygiene,  1896,  p.  S78)  says: 

A  few  organic  coloring  matters,  but  only  a  very  few,  possess  poisonous  properties. 
A  rule  by  means  of  which  the  poisonous  or  nonpoisonous  nature  of  organic  coloring 
materials  can  be  determined  without  experiment  is  unknown  even  for  those  coloring 
matters  whose  constitution  has  been  determined  and  experiments  on  the  poisonous 
nature  of  organic  coloring  matters  are  very  few  in  number. 

10.  Lewin  {Lehrbuch  der  Toxicologie,  1897,  p.  230)  says: 

In  the  use  of  various  ^brics  or  of  foodstufb,  which  are  colored  with  anilin  or 
coal-tar  colors,  or  in  commercial  contact  with  such  colors,  local  and  general  symptoms 
of  poisoning,  such  as  eczema,  swelling  of  the  ^e,  vomiting,  diarrhea,  anssthesia, 
paresis,  etc.,  have  been  observed.  These  are  generally  due  to  the  toxic  nature  of 
the  coloring  matters,  frequently  to  harmful  ingredients  of  the  same,  and  hardly  ever 
to  poisonous  mordants.  Many  w(Mrkmen  in  anilin  factories  show  permanent  spots; 
for  example,  on  the  cornea  and  conjunctiva,  headi  chest,  fibce,  and  neck,  without 
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ftny  interference  with  their  general  condition.  Local  changes  of  more  serious  nature 
have  more  frequently  been  observed  in  the  mucous  membranes  and  on  the  skin. 
Thusy  in  one  case,  a  camel's-hair  pencil,  soaked  with  anilin  color,  accidently  entered 
the  eye,  and  at  first  nothing  was  noticed  but  a  violet  blue  coloration,  later  inflamma- 
ion  and  chemosis  took  place.  I  have  observed  local  swelling  and  indurations  of  the 
skin,  particularly  on  the  cheeks,  in  the  case  of  children  after  they  had  worn  caps 
colored  with  anilin  dye. 

11.  Winton  (Cormecticut  Agric.  Exper.  8ta,  Reportf  1901,  p.  181) 
says: 

Although  there  is  evidence  that  most  of  the  coal-tar  dyes  are  not  injurious  to  some 
of  the  lower  animals,  it  is  not  safe  to  assume  that  they  are  entirely  harmless  to  human 
beings.  The  dog,  an  animal  used  in  most  of  WeyPs  experiments,  has  a  proverbially 
strong  stomach,  and  eats  with  no  apparent  discomfort  many  things  which  would 
disturb  the  digestion  of  a  man. 

12.  Chlopiiiy  in  his  book  published  in  1903  (see  p.  75),  states  as 
follows: 

(Page  114.)  ♦  *  *  All  the  dyes  examined  by  me  I  divided  into  three  categories: 
Dyes  which  caused  striking  general  S3anptoms  of  poisoning  and  led  to  the  death  of 
the  animal,  or  would  have  led  to  it  if  the  experiments  were  not  purposely  discon- 
tinued, I  designate  by  the  term  poisonous;  dyes  which  induced  some  separate  and 
temporary  symptoms  of  disease,  for  instance,  vomiting,  diarrhea,  separation  of  albu- 
men in  the  urine,  the  general  condition  remaining  normal,  I  designate  as  suspicious; 
lastly,  the  dyes  which  caused  no  apparent  disturbance  during  the  experiments  are 
designated  by  the  term  nonpoisonous.  I  purposely  do  not  call  the  last  category 
harmless,  because  by  oiur  experiments  the  question  could  not  be  decided  negatively 
as  to  whether  the  nonpoisonous  dyes  did  not  cause  some  finer  pathological  changes  in 
the  (xganism  and  fimctions  which  could  not  be  detected  by  simple  observation. 

{Page$  tl9-ttl.)  Thus,  according  to  all  the  investigators  quoted,  there  were  found 
altogether  22  poisonous  and  harmful  dyes,  out  of  about  60  dyes  examined;  which 
makes  S6.7  per  cent  of  poisonous  and  harmful  dyes  among  those  examined. 

My  investigations  gave  30  per  cent  of  poisonous  and  40  per  cent  of  suspicious  dyes. 

The  percentages  above  given  have  a  fsAily  well  established  basis,  since  they  were 
obtained  by  the  examination  of  100  dyes,  which  is  about  one-fifth  of  all  the  dyes  in 
commerce.  Further,  considering  the  distribution  of  the  poisonous  and  harmful  dyes 
according  to  various  chemical  groups,  we  find  that  they  occur  in  12  of  the  18  groups, 
and  we  can  not  note  any  regularity  in  this  distribution;  it  is  impossibie  to  say  that 
there  is  any  definite  connection  between  the  fact  that  the  dye  belongs  to  a  certain 
chemical  group  and  its  action  on  the  animal  oiganism. .  Usually  among  the  dyes  of 
one  and  the  same  group  there  are  some  harmful  ones,  but  there  are  also  some  harmless 
ones»  and  the  ones  and  the  others  have  very  similar  composition.  This  or  that  action 
of  the  dyes  on  the  animal  oiganism,  as  we  shall  presently  see,  is  determined  more  by 
the  delicate  difference  in  the  internal  structure  of  their  molecules  than  by  those 
differences  on  which  is  based,  at  the  present  time,  the  classification  of  the  aromatic 
dyes. 

On  the  basis  of  the  whole  experimental  material  on  hand — ^mine  and  that  of  other 
investigatorB — I  can  make  only  the  following  very  few  and  purely  empirical  generaliza- 
tions: 

1.  According  to  the  shade  produced,  the  poisonous  and  harmful  colors  are  distributed 
as  follows:  Most  of  all  poisonous  dyes  are  found  among  the  Yellows  and  the  Oranges; 
then  come  the  Blues,  then  the  Browns  and  the  Blacks;  there  are  very  few  harmful 
dyes  among  the  Violets  and  Greens;  among  the  Reds  was  foimd  only  one  suspicious 
one,  and  no  poisonous  ones. 
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2.  The  moet  poisonous  dyes  belong  to  the  Nitro,  Azo,  Triphenyl,  and  Thiazin 
groups,  and  also  to  the  Auramins. 

3.  A  whole  group  of  poisonous  and  harmful  dyes  is  formed  by  the  new  sulphid  dyes 
known  as  Vidal's  dyes. 

(Page  2t4.)  By  the  facts  and  observations  quoted  above  is  corroborated  the  opinion 
that  in  general  the  coal-tar  dyes,  according  to  the  composition  and  properties,  appear 
as  substances  foreign  to  the  animal  organism,  and  may  influence  harmfully  the  vital 
functions,  even  in  those  cases  when  they  do  not  possess  distinctly  poisonous  properties. 
For  this  reason  many  hygienists  make  it  a  principle  not  to  allow  the  coloring  of  food 
products  or  of  beverages  with  coal-tar  dyes,  independently  of  the  fact  whether  they 
prove  in  actual  experiments  on  animals  poisonous  or  not. 

We  must  therefore  agree  with  M.  Rudner  that  food  of  the  masses  require  the  most 
far-reaching  protection,  maintaining  them  free  from  foreign  additions. 

13.  Koenig  {Die  MenscTilichen  Nahrungs-  und  OemLssmittel,  Berlin, 
1904,  Vol  II,  f.  M62)  says: 

Even  though  the  majority  of  the  anilin  coloring  matters,  in  view  of  the  small 
amounts  in  which  they  are  generally  employed,  can  not  be  regarded  as  directly  harm- 
ful to  health,  yet  the  objections  to  their  use  in  the  coloring  of  food  products  for  the 
piirpose  of  substituting  or  strengthening  a  natural  color  lies  in  the  deception  con- 
nected therewith    ♦    ♦    ♦. 

14.  Fraenkel  {Arzneimittel-Synthese,  Berlin,  1906,  p.  570)  says: 

It  is  clear  that  the  coloring  property  of  these  chemical  substances  stands  in  no 
relation  to  their  physiological  actions,  but,  on  the  contrary,  the  physiological  actions 
depend  only  upon  the  general  structure  of  these  substances,  and  therefore  upon  their 
membership  in  definite  chemical  groups. 

(Pages  674-5.)  We  see,  even  in  considering  this  group  of  substances,  that  they  do 
not  possess  any  specific  action,  but  they  are  capable  of  use,  preferably  by  external 
application,  as  antiseptic  materials,  as  materials  which  in  their  action  stand  somewhere 
between  carbolic  acid  and  corrosive  sublimate,  and  whose  coloring  property,  in  conse- 
quence of  which  they  were  primarily  selected,  is  directly  a  hindrance  in  this  use, 
since  the  coloring  of  the  bandages  and  the  hands  of  the  operators  and  the  skin  of  the 
patients  certainly  can  not  be  regarded  as  a  pleasant  occurrence;  that  the  antiseptic 
action  stands  in  some  relationship  to  the  properties  of  the  substances  as  coloring  matter 
must  be  positively  contradicted.  It  depends  only  on  the  general  structure  of  the 
substance,  and  does  not  stand  in  any  direct  relation  to  the  chromophore  and  auxo- 
chrome  groups  of  the  substances,  but  more  closely  to  the  aromatic  nucleus.  Indeed, 
it  may  happen  that  an  auxochrome  group  diminishes  the  antiseptic  activity  of  such  a 
substance. 

Note. — ^The  dyes  referred  to  belong  to  the  Monazo,  Disazo, 
Triphenyl-methane,  Xanthin,  Azin,  and  Thiazin  classes. 

(Page  9$.)  The  investigations  of  Ehrlich  have  shown  that  basic  dyes  color  the  brain 
gray,  and,  moreover,  they  color  nerve  fiber  very  well,  and  are  therefore  to  be  regarded  as 
neurotropes.  The  dye  acids,  on  the  other  hand,  do  not  dye  nerve  fiber,  and  in  particu- 
lar the  substituted  sulphonic  acids  do  not  dye  tissue  at  all. 

15.  Meyer,  in  his  paper  on  **A  preliminary  communication  on  the 
toxicity  of  some  aniline  dyestuflfs"  (/.  Amer.  Chem.  Soc,  1907,  v.  29, 
p.  892),  says: 

(Page  89S.)  ''A  man  ufacturing  confectioner  of  this  city,  for  whom  I  made  examina- 
tion of  colors  used  by  him,  informs  me  that  a  yellow  color  sold  as  Auramin  has  such 
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hi^  tinctonal  power  that  1  ounce  will  color  2,000  pounds  of  candy  to  the  highest  yel- 
low tint  required  in  his  business.  It  is  obvious  that  the  toxicity  of  such  a  body  would 
have  to  be  very  high  to  render  it  harmful  in  such  use."  Conclusions  of  this  kind  do 
not  take  into  account  the  possible  detrimental  action  ensuing  on  healthy  as  well  as 
diseased  persons  from  long-continued  use  of  small  quantities  of  foreign  substances. 

(Page  909.)  The  same  author  raises  objection  to  feeding  experiments  on  the  groimd 
that  substances  are  thereby  introduced  greatly  in  excess  of  the  amoimts  generally 
found  in  foods  and  that  the  ill  effects  ''are  liable  to  be  due  to  the  excess  and  in  long- 
continued  experiments  due  to  a  cumulative  action  of  the  excess. ' '  Surely  if  excessive 
amounts  have  a  cumulative  action,  small  amoimts  may  also  finally  show  toxic  effects 
due  to  retention  and  accumulation  of  the  poison.  To  declare  a  substance  entirely 
innocuous  would  require  evidence  as  to  its  nontoxicity  both  to  normal  and  diseased 
persons  after  its  long-continued  administration  in  both  small  and  large  doses.  The 
most  extreme  contingencies  would  have  to  be  provided  for.  The  above  objections  to 
feeding  experiments  are  therefore  not  valid.  It  is  hoped  that  a  study  of  the  effects 
on  metabolism  of  some  of  these  substances  will  help  to  further  elucidate  the  subject. 

He  summarizes  the  results  of  his  physiological  investigations  of 
seven  different  coai-tar  colors  as  follows: 

1.  Several  ccmimercial  organic  dyestuffs  (Curcumin  S,  Tartrazin,  Naphthol  Red  S, 
Carmois  in  B,  Naphthol  Yellow  S,  Gold  Orange,  and  Ponceau  2  R)  were  studied  as 
to  their  general  effects  on  dogs  when  administered  iu  varying  amounts  and  during 
fairly  long  periods  (two  weeks). 

2.  None  of  these  dyestuffs  imder  the  conditions  above  indicated  exhibited  any 
marked  degree  of  toxicity.  There  was  only  one  faital  result,  which  may  have  been 
due  to  influence  independent  of  the  action  of  the  colorant. 

Similar  quotations  from  the  Hterature  could  be  added  to  the  fore- 
going, but  these  are  beyond  question  sufficient  to  show  that  a  wide 
divergence  of  opinion  as  to  the  harmless  or  harmful  nature  of  the 
coal-tar  colors  as  a  class  does  exist  among  scientific  men,  and  that  all 
those  above  quoted  agree  that  there  are  some  at  least  of  the  coal-tar 
colors  which  even  in  a  pure  state  may  be  harmful  to  human  health, 
and  that  the  question  of  actual  harmfulness  under  the  conditions 
of  actual  use  in  foods  and  the  consumption  of  foods  is  regarded  by 
some  as  bemg  properly  answered  in  the  negative  and  by  others  as 
being  properly  answered  in  the  affirmative.  The  question  of  amount 
of  color  employed  in  the  food  products  and  the  amounts  of  such  food 
normally  eaten  are  therefore  raised  by  some  as  the  deciding  factors. 

In  this  connection  the  following  statement  from  page  49  of  the 
arguments  before  the  Committee  on  Patents  in  the  House  of  Repre- 
sentatives, April  8,  15,  16,  22,  29,  1908,  may  be  of  interest: 

*  *  *  It  should  be  remembered  that  after  a  new  chemical  has  been  discovered 
and  patented  it  requires  as  many  as  three  years  of  experiment  before  we  dare  offer  it 
in  this  country  as  a  medicine  for  human  beings.  These  experiments  are  conducted 
abroad  before  we  receive  it  here.  It  is  first  tried  on  animals  and  gradually,  with  great 
caution,  extended  to  himian  beings  in  the  foreign  hospitals,  so  as  to  ascertain  its 
physiological  effects  quantitatively  upon  the  various  organs,  both  when  those  organs 
are  in  the  healthy  state  and  when  they  are  affected  by  various  disorders    *    *    *, 
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A  search  of  the  Uterature  herein  compiled  fails  to  disclose  any  such 
searching  physiological  examination  of  any  of  the  coal-tar  colors 
recommended  for  use  by  human  beings  in  food  products,  as  is  asserted 
in  the  above  quotation  to  be  necessary  in  the  case  of  a  new  chemical 
intended  for  use  as  a  drug.  If  Fra^ikel,  as  quoted  on  page  60,  is 
correct  in  his  statement  that  coal-tar  colors  act  physiologically 
because  they  are  chemicals  and  not  because  they  are  coloring  matters, 
then  coal-tar  coloring  matters  prior  to  use  in  foods,  in  which  they  are 
used  by  the  young  and  the  old,  the  well  and  the  sick,  without  restric- 
tion and  without  supervision,  should  also  be  thoroughly  tested,  and 
very  few,  if  any,  coal-tar  colors  seem  to  have  been  examined  with 
the  thoroughness  set  forth  in  the  above  quotation.  That  uniformity 
and  purity  of  product  is  necessary  in  order  to  be  sure  that  the  chem- 
ical is  going  to  act  physiologically  in  the  same  way  every  time  is 
obvious.  According  to  Fraenkel,  what  is  true  of  a  chemical  is  just 
as  true  of  a  coal-tar  color,  and  if  uniformity  of  strength  and  cleanU- 
ness  of  product  are  desirable  when  a  chemical  is  to  be  used  as  a  medi- 
cine, such  properties  are  equally  desirable  when  a  chemical  is  to  be 
used  as  an  ingredient  in  food. 

CLASSIFICATION  OF  OPINIONS  IN  LITEBATX7BE  AND  IN  LBQAL 
ENACTMENTS  SHOWING  CONDITION  OF  THE  MABHET  IN  1907. 

The  Uterature  and  legal  enactments  hereinafter  grouped  under  the 
relevant  Green  Table  numbers  have  been  classified  as  (1)  unfavora- 
ble— ^i.  e.,  only  unfavorable  reports  found  in  the  Uterature;  (2)  favor- 
able, and  (3)  contradictory  reports,  as  each  case  required;  so  that 
under  each  Green  Table  entry  there  is  not  only  the  relevant  Uterature, 
but  also  the  character  assigned  to  it  for  the  purpose  of  coming  to  a 
conclusion  as  to  the  propriety  of  the  use  of  such  color  in  foods  as 
based  on  such  Uterature,  which  conclusion  formed  in  that  respect 
the  basis  for  Food  Inspection  Decisions  Nos.  76,  77,  and  106. 

However,  it  does  not  follow  that  aU  dyes  placed  in  the  "favorable" 
list  are  actually  harmless;  the  investigations  or  opinions  reported  of 
each  may  very  well  be  based  upon  insufficient  data.  This  classifica- 
tion, therefore,  is  merely  intended  to  reflect  the  present  state  of  the 
literature  with  respect  thereto,  and  is  not  necessarily  final  nor  con- 
clusive. 

In  substantiaUy  aU  the  recorded  cases  the  observers  directly  or 
indirectly  assert  the  absence  of  arsenic  and  mineral  poisons  in  the 
dyes  subjected  to  physiological  test,  but  the  kind  of  other  impurity, 
if  any,  is  not  stated. 

For  the  purpose  of  a  comprehensive  survey  of  the  Uterature  and 
legal  enactments,  the  foUowing  tabulation  is  presented: 
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CondUum  of  the  United  States  color  market  in  the  summer  of  1907. 
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1  ItaUdsed  figures  are  ootors  in  the  permitted  list,  Food  Inspection  Decision  76. 
s  On  United  States  market  In  1907. 

This  table  shows  that  of  the  106  coal-tar  dyes  examined  physiolog- 
ically only  50  were  on  the  United  States  market;  further,  out  of  33 
"unfavorable"  dyes  8,  or  one-fourth,  were  on  the  United  States 
market;  out  of  32  "favorable"  dyes  16,  or  one-half,  were  on  the 
United  States  market,  and  finally  that  out  of  41  ''contradictory" 
dyes  26,  or  very  nearly  two-thirds,  were  on  the  United  States  market 
in  the  summer  of  1907. 

Assuming  this  classification  to  be  substantially  and  essentially  fair, 
the  only  Green  Table  numbers  which  are  of  interest  for  the  present 
discussion  are  those  classified  under  ''favorable,"  because  any  color 
positively  injurious  or  of  doubtful  character  is  considered  as  being 
properly  excluded  from  use  in  food  products.  The  Green  numbers 
classified  as  '^favorable"  are  32  in  number,  as  follows:  4/  ^t  ^^y 
65;  86;  89;  92;  93;  102;  103;  105;  107;  166;  169;  240;  394;  399;  433; 
4S6;  462;  467;  477;  612;  617;  520;  521;  527;  576;  593;  599;  600;  69g. 
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Of  these  32,  16  were  on  the  United  States  market  in  the  summer 
of  1907  and  their  composition  disclosed;  they  are  presented  in  the 
following  table,  together  with  the  number  of  dealers,  out  of  a  possible 
12,  offering  them  for  sale. 

Distribution  of  "favorable**  colors  on  the  American  market  in  1907, 


Or»€n 

Table 

nmnber. 

Number 
of  dealers 

hunrJHng, 

Oreen 

Table 

number. 

Number 
of  dealers 

Oreen 

Table 

number. 

Number 
of  dealers 
handling. 

Oreen 

Table 

number. 

Number 
of  dealers 
handling. 

4 

BS 
89 

10 
2 
2 

1 

103 
106 

m 

160 

6 

1 
7 

1 

240 
433 

462 

1 
1 
4 
2 

512 

617 
520 
699 

3 
5 
2 
3 

From  among  these  16,  six  of  the  seven  permitted  colors  of  Food 
Inspection  Decision  No.  76  were  selected.  The  process  of  selection 
and  of  elimination  is  described  on  page  166. 

CLASSIFIOATION   AOOOBDINa  TO   CHBHIOAL   COMPOSITION   AND 

SUITABILITY. 

In  the  following  table  the  chemical  composition  of  the  substances 
corresponding  to  the  Green  Table  numbers  is  given,  and  their  classi- 
fication according  as  the  Hterature  is  regarded  as  being  (1)  unfavor- 
able, (2)  favorable,  or  (3)  contradictory  in  regard  to  the  color.  The 
colors  are  also  arranged  in  the  groups  to  which  they  belong  chemically, 
so  that  this  table  shows:  (1 )  The  number  of  groups  reported  on  in  the 
hterature,  (2)  the  number  and  composition  of  members  of  each  group 
so  reported  on,  and  (3)  the  interpretation  here  placed  upon  such 
reports  in  hterature.  This  table  is  given  in  the  expectation  that  it 
will  be  of  use  \<\  chemists  and  physiologists. 

Opinions  as  to  suitability ^  classified  according  to  groups  and  chemical  composition, 
(The  chemical  nomenclature  is  that  of  the  Oreen  Tables;  "  a  "  is  used  for  alpha  and  "  b  **  for  beta.) 


Unf^Yorable. 


Favorable. 


Contradictory. 


NITBO  COLORS. 

1.  Symmetrical  trinitrophenoL 

2.  Dioitro  o  and  p-cresol. 

3.  Dinitro-»*naphthoL 

6.  Hezanltro-diphenylamin. 

UONOAZO  0OLOB8. 

78.  Methyl-benxenyl-amido-thio- 
xylenol-aso-a-naphthol  di* 
sulphonic  acid. 

94.  Benzene-azo-pyraxalone-car- 
bozy-dlsuiphonlc  add. 

07.  Snlpho-o-toluene-aso-b-naph- 


4.  Dlnitro-a-naphthol-b-mono- 

sulpbonic  add. 
6.  Dlnltro-a-naphthol4^  mono- 

solphonio  add. 


28.  p^iltro-bensene-aso-a-naph- 
thylamin  i>-su]phonlc  add. 

65.  »>naphthalene-aso-b-naph- 

thol-dlsalpbonlo  add. 
85.  i>-su]phobeniene-aBo-a- 

naphthoL 
89.  p  -  smphobeniene  -  axo  •  di  • 

phenylamin-su  1  p  h  o  n  i  0 

add. 
92.  Diphenylamln  yellow  wltii 

nltrtHUpbenyiamin. 


8.  Amido-aso-bencene-dl-  and 

monosulphonic  add. 

9.  Amido  -  aso  -  toluene  -  disul* 

phonic  add. 
11.  Benxene-axo-b-naphthol. 

13.  Bencene-«so-b- naphthol  -  b - 
sulphonic  add. 


14.  Beniene-aco4)-naphthal 
sulphonic  add  O. 


dl- 
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Opinioni  a$  to  ttrito6iK<y,  eUuaifisd  according  to  groups  and  diemical  oompotifum— Con. 


Unlivonble. 


Fsvotmbte. 


Oontndlotory. 


MOMOAIO  OQLOBS-aiOtillOML 


98.  p«ilphobeniciie  iio  «  dtoxy- 
vtmhtivtimm  mlpbonio 

1Q2.  iMolpho-iiaphttialeiie  -  aio  - 

b^iphtboL 
108.  p^ilpfio-naphthaWie-oio-ft 

lu^thol-p-sal^ionloaold. 
105.  p«iiq>ho-iiaphthiueDe  -  «io  - 

b-naphthol  monosul- 

plMMiio  add. 
107.  p«ilpho-iiiq>httaaleiie  -  «io  - 

b-n^Oitliol-disa  Iphonio 


OiaAXO  0QL0B8. 


ho- 


SUlplUMllO  Mid* 

20L  Hydroohlorld  of  tohieiie  db- 

pifQ.fn-tolyWMH^J^'witn . 

277.  Dft^h^KUsuo-blnaphtlklonlo 


lOOi.  8olpliob€iis0iie-ai&«iilpbo- 


aso-p-tolyl 

naphthyluniii. 
189.  Salpootoiaene-uo-tolaeiie- 

aio-b-naphthol  -a-sul- 

phonioadd. 
240.  Dipl 


1IRBO0O  00L0B8. 

SnLBKirB  00L0B8. 

nraBNTUCSTBANS  00L0B8. 

425.  Hydroohlorld  of  fanldo-tetn- 
methyMlamldo^ilphoiiyl. 


*^- 


-stnbeoe^ll^alpboiilo 


TUFHSVTLMXIBAIIS  00LO18. 

434.  Dfancthyl-dibensyl^llsinido- 
tripbenyl-carbuiol-trls  a  1- 


jdionlo 

460.  Chtoridofheptamethyl-rosaD- 
IliDChlorK 


478.  TripbooyHMniOMiiiUii    dl- 

and  trtoalphonio  add. 
470.  Tr^benyl-oiranManiliD-tri- 

488. 400.^&dro!£lorid'   of    phe- 
yKetm-  (penta)  methyl- 


thyloarfalnoL 


433.  Dlethyl-dlbaisyl-dlamldo- 

triphenyl    oarbinokUsol- 

lAioiilo  add. 
435.  Dfethyl-dlbeniyl-diamido- 

tripheoyl-carbixiol-trls  a  1- 

phonicadd. 

462.  Trlsolphonio  add  of  roaanl- 
Un  and  pararooanlUn. 

477.  Triphenyi-roaaniliii-moiio- 
solphonlo  add  and  tripho- 
nyi  •panrosanilin -moDo- 
solphonicadd. 

487.  Disulphonioaddofdfanethyl 
dfbencyldtethjl  trlamldo 
tzlphenyloarbmoL 


97291<»— BuU.  147—12 6 


15.  B«nBeii»«io-b-iiaphthd    di- 

solphoolc  add  R. 
18.  Dlmethyl-amido  -  aio  -  ben- 

leoo. 
17.  HydrochloildofdlamldiHUK)- 


18.  Hydrodiloridofbenieiie-aio- 

m-tdTleneHliamiii. 
41.  Hydrocnlorld  of  toloene-aso- 

iii*tdyleiie-diamln. 
43.  Toluene-aao-b-naphthol-sol- 

pbonio  add. 
55.  XyleDe-aio-b-oaphthol-disol- 

jphoQioadd. 
70.  Dlohlofo-phenol-aio-b-naph- 

thoL 
84.  p-solphobenKDe-aw-reaord- 

noL 

86.  p-8alpbobeiiseiie-aio-b-nK>b- 

thoL 

87.  p-enlphohenaMW-itfo-dlineth- 

ylanilin. 

88.  p-Bolphobeiupne  aio  -  dipho- 

nyiamin. 
96.  m-sulpbobeiiieiie-aio-dipho- 

106.  p^ulpboiUAhthaleiie  •  aio*b- 

iM^hthoKllsalphonlo  add. 

138.  BiRilpbdMiiMiie  -  dlsaio  -  a- 

naphthol. 
100.  SnlpbobenseiiMtio-beiiseiie  - 

ago  •  b  -  naphthd  -  mono- 

sulphonio  add. 
163.  SiilpDobeiueiie-aio-salpho- 

bemene-oio-b-naphthoL 
188.  Dbulpbo-b-naphthaleiie-aso- 

ft-  n^ph^hitlAim  .  aiO  •  5  • 

naphthol^lisulphonio  add. 

107.  Hydrochlorid  of  benMne-dis- 

aso-phenyleneKllainln. 
260.  DttoM- dlsaio -bi-salioyllo 

287.  Bitolyl-dlaaio-bl-a-iiaphthol- 
p^phonioadd. 

396.  Nltrooo-b-naphthol-b-moiio- 
mlphonk)  add. 


427.  Chlorid  of  tetra-methyl  di-p- 

amldo-trlphenyl-oarbixior. 

428.  Bnlphate  or  chlorid  of  tetra- 

eOiy  1  -  diamido  -  triphenyl- 
oarbinol. 
448.  Hydroohlorld  or  acetate  of 
paraioaaniUii  and  rooanl- 

450.  Hydroohlorlds  or  acetates  of 
mono-dl  or  trimethyl  (or 
ethyl)  roaaniUns  and  para- 


451.  Hydrochlorid  of  ponta-  and 
hexamethyl-pararooanUin. 

457.  Hydroohlond.  sulphate  or 
acetate  of  tripbenyl  rosanl- 
lin  and  triphenyi  pararoa- 


480.  Trlphenyl-rosanilin  and  tri- 
pbenyl-para-rosanilin  sul- 
phonio adds. 

483.  Anrin  oarbfaiol,  oxydlsed  ao- 
rtal, methyl  aurin,  and 
poendo  rooollc  add. 
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Opinions  as  to  suitability,  classified  according  to  groups  and  dtemical  composition—Con. 


Unlavonble. 


Favorable. 


Contndictory. 


672.  Tin  001 


XANTHINE  COLORS. 

A02.  Triethylrhodamin. 
516.  Dilodo  flooresoeiii. 


ACSIDIN  0OLOB8. 

630.  HydrDohloridofdJainldo-phe. 

nyl-dlmethyl-acridiii. 
632.  Nitrate  of  chryaanilin  and 

homologues. 

ANTHRACENB  OOLOU. 


INDOPHXNOL  OOLOBB. 

id  of  dimethyl 
j<io    phcnyl-p-oxy- 
a-naphthyfiunin. 

674.  Hydrodilorlds    of  p-pheny- 

lene-dlamin-p-amidoplie  - 
nol  and  dlamido-dlpfieny- 
lamln. 

A2IN  COLOBB. 

602L  Spirit  Nigroslnes. 

614.  Amldo-naphthyl -naphtha - 
sonlum  chlorid  and  dia- 
mido  naphthyl-naphthap 
Eonlum  cnknla. 

OXASN  COLORS. 

690.  Dimethylamido-dloxy-phe' 
naxoxonlum  carboxyute. 

639.  Chlorid  of  dimefhyl-amido- 
naphfho  -  phenoxaconium 
ohforid. 

TBIAZIN  COLOBB. 

649.  Zino- doable -Chlorid  of  di- 
methyl -  diamido>phenas- 
thionlum  chlorid. 

651.  Nltromethylene  Blue. 

654.  Chlorid  of  dimethyldiamldo- 
toluphenasthioniom. 

THXOBENZKNTL  COLORS. 

669.  Dehydiothiotoluldin. 

QDINOLIN  OOLORB. 

667.  Quinophthakme. 

8ULPHID  COLORS. 

670.  Sulphohydro  derivative  of  » 

polythlaxin. 

675.  Thiooatechin  8  (composition 

unknown). 

INDIOO  COLORS. 


;  512.  TetxabramoHuonaoaln. 

517.  Tetnlodofluoresoefai. 

520.  Tetraiododichlorolluoresoein. 

521.  Tetrabromotetzaohloro  fluor- 

escein. 
527.  Sodium    bisulphite     com- 
pound of  oceruleln. 


576.  New  Gray  (composition  un- 
known). 


593.  Phenyl- and  tolytsafrsnins. 

599.  Mixtures  of  dianiUdo-amldo- 

trianilido-,  and  tetraani- 
lido  •  phenyl  •  phenaco  - 
nlum  ^lorids. 

600.  Indulins  and  floorindlns. 


602.  Indigotin  disulphonic  acid. 


504.  Hydzochlorid  of  dlethyl-m. 
amido-phenol^hthaleln. 


663.  Dio^-anthi«quinone-b-qui- 


>ioxy-a] 
noun. 


584.  Diamidqphenyl    and    tolyl- 

tolaionium  chlorids. 
601.  Bulphonated  indulins. 


660.  Chlorid    of    tetramethyl^U- 
amido-phenasChioiilam. 


689.  Indigotin. 
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PHYSIOLOOICAL  ACTION  OF  COAI«-TAB  DYES. 
SUMMARY  OF   SYMPTOMS. 

A  rough  summary  of  the  symptoms  noted  or  positively  deter- 
mined to  be  absent,  the  number  of  the  deaths  produced,  and  the 
number  of  cases  in  which  nothing  abnormal  was  noticed  may  serve 
as  a  convenient  guide  in  considering  the  detailed  statements  herein- 
after given  relative  to  all  the  symptoms,  clinical  data,  legislative  and 
other  pubHcations,  or  permissions. 

In  the  following  tables  are  brought  together  most,  if  not  all,  of  the 
recorded  observations  with  respect  to  the  humans  and  other  animals 
upon  which  the  physiological  action  of  coal-tar  dyes  has  been  studied 
as  well  as  the  results  of  autopsies  when  recorded.  The  columns 
headed  "Unfavorable,"  ^'Favorable,"  and  '* Contradictory"  have  the 
same  significance  as  in  the  preceding  table;  italicized  numbers 
are  those  of  the  permitted  colors  of  Food  Inspection  Decision  No.  76. 
Asterisked  nimibers  indicate  that  the  dye  was  administered 
hypodermically. 

Experiments  on  Dogs. 

Table  I. — ObservationM  on  dogs. 
(Reference  to  Oreen  Table  numben.) 


Symptoms. 


Un&Yorable. 


Fayonble. 


Contredictory. 


Deaths. 


Aatopsies. 


Stained  skin 

Stained  ooo^uncttvs. . . . 
Respiration  dU&calties.. 
Temperature  normal. . . 

Temperature  high 

Tempefatore  low 

General  depression 

Weakness 

Lossofweigjit 


Paralysis  of  heart. 
Loss  of  appetite.., 


Ayersiontofood. 
Cokvedorine 


Colorless  mine 

Urine  not  affected. 
Albmnlnuria 


Albominnria  doubtful. , 

Alkaline  urine 

Bk)ody  urine 

Phenol  in  urine , 

Kidney  irritatton 

Bladder  inltatkm 

Thirst 

Colored  feces 

Thin  stool 

Dianfaea 


Softeoed  feces. 
Bloody  stool... 


1;  2;  3;  488  or  490;  574;  639 
(2);  049. 

3;  488  or  490;  572;  574;  020; 

639;  049. 
1 


103; 105;  399;  407;  477; 

eot. 


1 

1;3 

2;  020;  049 

488  or  490;  3 

488  or  490 

425;  049;  075 

1;  8;  97;  049;  050. 
1;  488  or  490;  039. 
488 or  490;  039.... 


407. 


2;  3;  97;  425;  680;  049;  059; 

007;  07a 

049;  3 

3;  0;  78;  94;  97;  2n;  425; 

434;  450;  478;  479;  502; 

510;  530;  532;  014;  020; 

051;  050;  007;  07a 


240;  304. 


488  or  490;  049 

1;  3;  78;  94;  97;  425;  434; 

459;  479;  510;  580;  051; 

050;  007. 

78;  478 

670 


4;  5;  28;  92;  93;  103;  105; 
100;  240;  304;  399;  433; 
521;  527;  570;  599. 


240 

467;  477 

4;  5;  28;  166;  240;  394.. 


5... 
240. 


1... 
639. 
3. 


94;  425;  488  or  490;  620.. 

425;  502;  614 

1;3;  94;  97;  479;  425;  516; 
614;  639;  649;  051;  670. 


103;  105;  899;  477 

527 

4:  92;  103;  105;  899;  527; 
593. 


l«<2);55;7q»;86;87;95(2); 


188*;  428  (2);  451 

480>;  601;  650. 
16;  56;  70*;  87  (2);  45  (2); 

457;  480  (2);  601;  65a 
396. 
396. 

451;  60L 

457. 

45L 

650. 

16;  483. 

17;  18;  41;  05;  138;  451;  65a 

138;  451. 

16;  87;  428. 

16;  87;  138;  107;  428;  461; 

483;  65a 
451. 
8;  9;  11;  13;  14;  16;  55;  84; 

86;  87;  88;  95;  138;  197; 

209;  287;  396;  428;  448; 

483;  504;  601;  65a 
287. 

451;  480;  601. 
8;  9;  11;  17, 18,  or  41;  70; 

86;  88;  95;  188;  197;  269; 

287. 
138. 

14;  88;  260;  287. 
451. 
11;  88. 
86. 
650. 

16;  86;  87;  428. 
87;  88;  396;  480;  601;  650. 
16;  504. 
U;  16;  84;  86;  87;  138;  269; 

428;  483;  504;  584;  66a 
05. 
660. 
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Table  I. — Observations  on  dogi — Continued. 


Symptoms. 

XJnfayorable. 

Contradictory. 

Pus  In  stool 

650. 

Stool  dflsiras 

502 

VnmlMng 

l;2;3;6;97;277;425;47»; 

488or400;616;fi32;fi74; 

614;  639;  649;  670;  676. 
676 

399;  433;  467;  676;  «9«... 
28 

11;  16;  86;  87;  96;  197;  260; 
428;  448;  461;  488;  650. 

16;  86. 

RAt^hfT^g    . 

SaUvatidb 

488  or  490:  639:  649: 676. 

584 

Anemia 

488  or  490;  639 

Stupor 

601. 

Desire  to  sleep 

461. 

Catarrh  of  eyes  and  nose. . 

461. 

Cnupps .  .  r 

1;  2 

601 

Convulsions 

2;  675 

Tremors 

87. 

Congestion 

649 

Paralysis  of  limbs 

1;676 

16:  56:  87:  428:  450. 

Destroys  ooloring  matter 

1;2 

of  blood. 
Lossofsight 

87*  601. 

Loss  of  hearing 

eoi. 

Internal  disorders 

650. 

The  foUowijig  table  discloses  the  results  of  the  autopsies  made  and 
reported  on  dogs. 

Table  II. — Autopsies  on  dogs. 


ByrapUnDB, 

Unfayorable. 

Favorable. 

Contradictory. 

No  change  in   internal 

organs. 
Nothing  abnormal 

87. 

105; 399; 467;  477;  593 

103 

87  ni;  467. 

No  chsnge  except  whole 
interior  colored  red. 

UVEB. 

Fatty  degeneration 

572:  620:  639 

601;  650. 

Blooa-x)oor 

488or4!io?::.   :::::::: 

451  (2):  480  II*:  601. 

451  (2). 

Swollen 

674 

Inflamed 

649 

650. 

Blood-fllled 

674 

KIDNETB. 

Congested 

3:639:649 

jM^g;«o.(lD. 

Filled  with  decomposed 

blood  corpuscles. 
Colored 

639 

«(l^aoi;650. 

Soft 

Blood'poor 

488  or  490 

601. 

Blood-fllled 

674 

Swollen 

620;  639 

eoi 

thickened.. I 

660. 

Tnfl^inf  erf ,.....,,,.. 

660. 

STOMACH. 

Colored 

488  or  490 

650. 

Catarrh 

488  or  490 

660. 

TnfliuTM^  mu<M>nfl  mem- 

674; 649 

brane. 
Punctured  mucous  mem- 

601. 

brane. 
Contracted     and     filled 

639 

LUNGS. 

Filled  with  blood 

674 

601. 

mCART. 

Swollen 

674 

Paralysed 

674 

le  (2):  87  I;  428:  87  H. 

Digitized  by  LjOOQIC 


COMFIIiED  DATA  Tn!n)£E  OREEK  TABLE  NTTMBEBS.  69 

Table  II. — Atttopsia  on  dog^—Contiimed. 


Symptoius. 

Unlavonble. 

Favorable. 

Contradictory. 

488  or  490. 

Colond 

660. 

CMarrti 

488  or  480 

COLORED. 

RrMn 

050. 

Ftt. 

650. 

SHti 

650. 

*" 

Hnutuo. ,.... 

650. 

TM^DhnuEin 

650. 

(Bi^a^;: :. 

488  or  480. 

650. 

An  organs  colored 

480*  n. 

All  ov^ans  swoUen 

480*11. 

General  ooogestion 

TVMwiltto 

3(11) 

70*. 

Fat  an  diaappeared 

Flabby  muaelea 

639 

639 

In  this  connection  it  may  be  of  interest  to  note  that  out  of  16  dyes 
producing  death  when  administered  through  the  mouth  to  dogs,  7 
were  on  the  United  States  market  in  the  summer  of  1907.  Their 
Green  Table  numbers  are  as  follows,  the  numbers  in  parentheses 
indicating  the  number  of  makers  or  importers,  out  of  a  possible  12 : 
offering  them:  56  (2) ;  86  (8) ;  95  (2) ;  428  (3) ;  451  (5) ;  601  (1) ;  650  (2). 

The  following  table  gives  the  Green  Table  numbers  of  coal-tar  dyes 
which  on  administration  to  dogs  positively  did  not  in  certain  specific 
cases  produce  the  particular  disturbances  recited,  although  the  case  of 
the  several  colors  as  a  whole  is  regarded  in  the  literature  as  ''favor- 
able," ''unfavorable,"  or  ''contradictory,"  as  stated. 

Tablb  III. — Observations  on  dogs  showing  definite  negative  results  in  specific  cases 
grouped  under  the  general  verdict  of  the  literature  as  a  whole. 


Symptoms. 

Unfayorable. 

Fayonble. 

Contradictory. 

Vntnttlfur,     _ 

DlaiAou 

614 

-f;  106:  462 

05;  601. 

</ 106;  462 

4:394 

05;  504. 

6;  97;  277;  434;  632;  614; 
661;  669. 

14;  16;  66;  84;  86;  87;  88; 

197;  396;  448;  604: 601. 

Fhnwl  In  mine.*, ,.,,..,. 

287. 

LoM  of  weight 

C9S 

86. 

That  is,  when  these  dyes  were  tried  on  dogs  the  observers  reported 
in  certain  specified  cases,  positively  and  definitely,  the  absence  of  any 
of  the  symptoms  named. 

It  is  stated  of  the  following  colors  that  they  produced  no  bad  effects 
in  certain  specified  cases:  4;  9;  65;  86;  105;  188;  197;  240;  457;  572; 
593.  No  bad  effect  except  colored  urine:  13,  95.  No  bad  effect 
except  albuminuria:  88,287.  No  bad  effect  except  loss  of  weight: 
12.5  per  cent  (17,  18,  or  41). 

It  is  therefore  true  of  all  of  these  coal-tar  dyes  that  there  are  condi- 
tions under  which  they  have  been  observed  not  to  produce  the  bad 
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effects  as  above  set  forth;  but  this  tabulation  must  not  be  taken  to 
mean  that  these  dyes  can  not,  under  any  conditions  whatever,  produce 
untoward  results;  the  reverse  is  true  in  most  cases. 

EXFERIMBNTS  ON  HUMAN  BbINOS. 

The  Green  Table  numbers  of  those  colors  concerning  which  experi- 
mental data  are  available  on  humans  are  as  follows:  1;  2;  3;  4;  6; 
9;  (17,18,41);  55;  65;  86;  86;  95;  102;  103;  105;  106;  107;  197; 
427;  428;  448;  462;  632;  602;  650. 

Tlxe  symptoms  produced  are  classified  in  the  following  list: 

Internally  administered. 


Not  poiscmouB 4: 

9;  55;  65;  85;  95;  102; 
103;  105;  106;  707;  448;462 

Poor  general  condition 86;  650 

Fever 2 

Loee  of  appetite 2 

Vomiting 3;  532;  650 

Intestinal  irritant 650 

Diarrhea 532;  650 

Bladder  irritant 650 

Colored  urine 86;  95;  650 

Albuminuria 650 

Increased  micturition 650 

Irritant 532 

Inflammation 532 

Dr3meflB  of  throat 86 


Bad  taste  in  mouth 86 

Restlessness...... 86 

Rush  of  blood  to  head 86 

Vertigo 86;  650 

Headache 650 

Deliriimi 650 

Twitching  of  muscles 650 

Yellow  coloration  of  skin 3 

Yellow-colored  mucous  membrane.  3 
Food  colored  with  it  made  a  &mily 

sick 3 

Adults  withstand 1 

Children  and  weak  adults  do  not 

withstand 1 

Deaths 2;  3 

Autopsy *  3 


It  should  be  noted  that  of  the  13  dyes  here  classed  as  not  poisonous 
to  humans  all  but  No.  102  were  on  the  United  States  market  in  the 
summer  of  1907^  as  is  shown  in  the  following  table: 


Nuniber  of  dealers  offering  these  nonpoisonous  colors  i 


in  1907. 


Green 

Table 

numbers. 

Sooioes 
offering 
same. 

Green 

Table 

numbers. 

Sources 
offering 
same. 

Green 

Table 

numbers. 

Bouioes 
offering 
same. 

Green 

Table 

numbers. 

Sources 
offering 
same. 

i4 

10 

1 
3 

65 

»85 

95 

2 
2 
2 

103 
105 
106 

6 

1 
5 

107 
448 
462 

7 

4 
2 

>  On  permitted  list,  Food  Inspection  Decision  76. 
Symptoms  produced  by  external  application  of  certain  colors  {Oreen  Table  numbers). 


Dermatitis 4 

Eczema (17, 18,  or  41);  197;  602 

Inflammation 427;  428 


Burning 2;  427;  428 

Itching 2;  6;  427;  428 

Blisters 2;  6 

Swelling 427;  428 

It  should  be  noted  that  No.  86  has  been  tried  on  humans  and  has 
been  found  not  to  produce  diarrhea  or  vomiting. 


>  Hemorrhagic  gastritis. 
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6.  T.  3  has  apparently  killed  a  human  at  60  mg  per  kilo  and  the 
autopsy  disclosed  hemorrhagic  gastritis.  O.  T.  448  has  been  sug- 
gested as  a  possible  remedy  for  Bright's  disease.  It  should  also  be 
borne  in  mind  that  adults  can  stand  6.  T.  1  in  doses  of  540  to  900  mg 
daily  for  a  long  time^  'whereas  children  and  weak  adults  stand  that 
substance  only  poorly. 

EzPEBunENTS  ON  Small  Andcals. 

Results  of  experimenting  on  rabbits  with  10  coal-tar  dyes  whose 
Green  Table  numbers  are  1,  2,  86,  89,  107,  427,  448,  504,  517,  and 
563  have  been  tabulated  as  follows: 


FkiralyBifl 

damps 

No  hann  produced . 


427* 

427* 

89;  107:  448;  504;  517 


Death 1;  2;  427*;  563* 

Diarrhea 1 

Colored  urine 86 

Softened  feces 86 

In  the  case  of  the  numbers  marked  with  an  asterisk  the  color  was 
administered  hjrpodermically.  In  this  connection  reference  should 
also  be  had  to  the  paper  of  Penzoldt  abstracted  in  Section  VIII, 
page  55. 

The  four  coal-tar  dyes  55,  103,  425,  and  480  have  been  tested  on 
guinea  pigs  and  no  disturbance  was  noticed  in  all,  but  in  the  case  of 
103  occasional  thirstiness  was  observed.  No.  448  has  been  fed  to 
hens  without  damage,  and  No.  2  has  been  recommended  as  an  insect- 
idde,  a  fungicide,  and  a  mouse  poison. 

GENERAL  STATEMENTS. 

The  following  statements  may  be  of  interest  before  the  detailed 
compilation  is  read: 

1.  O.  Buss  (Forachungaber.  iiber  LebensmUtd,  1896,  vol.  2,  fp. 
163-197,  237),  in  a  paper  entitled  "Contributions  to  the  Spectrum 
Analysis  of  some  Toxic  and  Fharmacognostically  Important  Coloring 
Matters,  with  Special  Consideration  to  the  XJltra-Yiolet,"  cites  as 
poisonous  the  following  (Green  Table  numbers  follow  in  parentheses 
wherever  connection  could  be  satisfactorily  established) : 


Ficiie  Add 

Dinitro  o-  and  p-Cresol. . 

llaitiiiflYeUow 

Anzantia 

FastYeUow 

Onmgell 

As  nonpoisonous: 

NaphtfaolYeUow 

Eoain 

Erythrosin. 

Anilln  Blue 


(1) 
(2) 
(3) 
(6) 
(8) 
(86) 

(4) 
(512) 
(517) 
(457) 


MetanilYeUow (95) 

0)rallin (483) 

Safranin (584) 

Methylene  Blue (650) 

lodin  Green (459) 

Alizarin  Blue  S (563) 

Naphthol  Green (398) 

Malachite  Green (427,428) 

Dahlia (460,451) 


As  doubtful: 


MeOiyl  Violet.. 


(461,454)1  Veeuvin (197,201) 
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On  the  following  Buss  is  noncommittal: 


Auiamin (426) 

Biebrich  Scarlet (163) 

Water  blue (480) 


Magenta (448) 

Aurin »(48S) 

AddGreen (436) 


Naphthol  Black  of  various  brands,  which  seemed  to  be  mixtures. 

2.  It  has  been  pointed  out  that  the  following  nine  colors  are  harm- 


Wine  Green.... 
Milling  Red. .. 
Azo-acid  Blue. 
Fast  rose 


(?) 

(?) 

(36) 


Naphthol  Yellow (4) 

Naphthol  Brown (?) 

Chinolin  Yellow (667) 

PyrotinRRO (115) 

AddGreen (434,436) 

Most  of  these  have  not  been  examined  experimentally,  but  sden- 
tific  studies  have  been  made  of  the  poisonous  qualities  of  Azo-BIue 
and  Naphthol  Yellow.     (Zts.  angew.  Chemie,  1896,  p.  2^,) 

3.  Chlopin  in  his  monograph  (see  p.  75)  says: 

On  the  basis  of  my  personal  experience  I  consider  the  testing  of  the  action  of  coal* 
tar  dyes  on  man  not  permissible,  since  such  experiments  may  induce  in  the  subjects 
of  experiment  more  or  less  serious  83rmptoms  of  poisoning,  for  which  in  some  cases 
there  are  no  antidotes  at  our  disposal.  To  such  accidents,  in  my  opinion,  only  the 
experimenter  himself  may  subject  himself,  because  he  knows  what  he  is  doing.  Pre- 
liminary tests  of  dyes  on  dpgs  and  other  animals  afford  no  guaranty  of  escape  from  dis- 
agreeable acddents  which  may  take  place  in  the  testing  of  the  dye  on  man.    {Page  111,) 

These  data  and  calculations  convincingly  prove  how  erroneous  the  current  opinion 
is  that  for  the  coloring  of  food  substances  and  beverages  only  exceedingly  small, 
ahnost  imweighable,  quantities  of  dyes  are  used.    {Page  US.) 

On  page  221  et  seq.,  the  following  general  discussion  of  this  subject 
b  found: 

Thb  Manner  of  Action  of  Poisonous  Dyes  on  the  Animal  Oboanism. 

The  mechanism  and  the  chemistry  of  the  action  of  the  artificial  dyes  of  the  aromatic 
series  on  the  animal  oiganism  remains  to  the  present  day,  with  few  exceptions, 
exceedingly  slightly  and  superficially  studied.  The  same  can  be  said  also  concern- 
ing the  pathological  and  anatomical  changes  which  are  induced  by  these  dyes. 

More  than  the  others  there  have  been  studied  in  the  toxicological  respect  the  dyes 
belonging  to  the  Nitro  group;  Picric  Add;  Martius  Yellow  (Dinitro-naphthol  potas- 
siimi),  and  Sa£Eron  substitute  (Dinitrocresol  potassiimi.) 

According  to  Kobert,  these  dyes  belong  to  the  poisons  acting  on  the  blood.  Accord- 
ing to  the  same  authority,  Methylene  Blue,  which  belongs  to  the  other  chemical 
group  of  Thiazins,  acts  similarly. 

In  the  fundamental  works  on  the  sanitary  investigations  for  the  dyes,  by  Gazeneuve 
and  L6pine,  by  Weyl,  and  by  Santori,  we  find  almost  no  material  relating  to  the 
explanation  of  the  manner  of  the  action  of  the  dyes.  These  investigators  limiting 
themselves  to  a  very  cursory  description  of  the  symptoms  of  poisoning,  and  redting 
in  most  general  terms  the  results  of  autopsy,  not  even  indicating  the  cause  of  death. 
Such,  for  instance,  are  the  reports  of  autopsies  made  by  T.  Weyl  and  some  other 
investigators,  as  quoted  above. 


1  Appanntly  a  pailfled  form  oC  ConUln. 
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We  may  exi>ect  that  more  detailed  investigations  in  this  respect  will  be  made  at  the 
proper  time  by  phaimacologists,  since  study  of  the  mechanism  and  chemistry  of  the 
action  of  the  poisonous  substances  on  the  animal  oiganism  is  their  province;  for  the 
hygienist  it  is  quite  sufficient  merely  to  establish  the  fact  that  a  given  substance  is 
poisonous  or  hannful,  and  he  need  not  go  any  further.  For  this  reason,  in  those  cases 
in  which  I  desired  to  clear  up  the  causes  of  death  of  the  anima1»  in  my  experiments, 
and  to  record  pathological  and  anatomical  changes  (although  by  the  terms  of  the  regu- 
lations governing  this  competition,  a  close  study  of  the  action  of  the  dyes,  and  the 
ascertainment  of  the  mechanism  and  chemistry  of  their  action  was  not  required),  I 
called  in  a  person  more  competent  than  myself  on  these  questions. 

Not  counting  the  duplicates  we  made  five  autopsies  all  told.  In  all  these  cases  death 
reonlted  from  paralysis  of  the  heart.  The  pathological  and  anatomical  changes  in  all 
cases,  except  one,  did  not  present  anything  specific,  and  finally  reduced  themselves  to 
a  feebly  expressed  turbid  swelling  of  the  heart  and  of  the  liver,  a  rush  of  blood  to  the 
stomach,  and  a  congestion  of  the  internal  organs. 

The  exception  was  the  autopsy  of  a  dog,  which  died  from  Methyl  Orange;  this  dog 
died  with  the  symptoms  of  paralysis  of  a  cerebro-spinal  naturo.  This  experiment  was 
made  twice,  and  the  autopsies  of  both  animals  showed  hyperemia  in  the  lowest  part 
of  the  spinal  column,  on  the  border  of  the  anterior  and  the  lateral  columns. 

As  to  the  symptoms  of  poisoning  not  resulting  in  acute  death,  here  most  frequently 
was  observed  vomiting,  diarrhea,  and  albumen  in  the  lurine,  showing  disturbance  of 
the  functions  of  the  digestive  tract,  and  an  affection  of  the  kidneys. 

A  highly  typical  picture  of  poisoning  is  presented  by  the  sulphid  Vidal  dyes.  They 
cause  rapid,  almost  instantaneous,  deafening  of  the  animal,  whereupon  the  animal  falls 
on  one  side  in  convulsions  and  lies,  not  moving  its  body,  but  convulsively  and  rapidly 
twitching  its  anterior  limbs  during  several  minutes.  The  tongue  hangs  out  of  the 
mouth,  a  strong  secretion  of  saliva  is  noted,  then  vomiting  b^ins,  and  the  dog  gradu- 
ally begins  to  revive;  with  difficulty  he  arises  on  his  front  feet  and  sits  down,  not  being 
able  yet  to  stand  on  his  posterior  extremity,  which  is  in  a  state  of  paresis.  After  a  few 
hours  the  dog  becomes  normal.  The  symptoms  of  poisoning,  just  described,  are  exceed- 
ingly similar  to  the  supposed  ''apoplectic  form''  of  poisoning  by  hydrogen  sulphid, 
which  had  been  studied  on  animals  by  E.  Lehmann,  and  which  was  observed  in  per- 
sons who  inhaled  air  containing  a  few  per  cent  of  this  gas.  Air  containing  0.1  to  0.3 
per  cent  of  hydrogen  sulphid  kiUs  cats  and  dogs  in  10  minutes. 

In  our  experiments  in  which  were  introduced  substances  containing  sodium  sulphid, 
the  poisoning  must  have  been  caused  by  hydrogen  sulphid  which  was  liberated  from 
the  dye  by  the  acid  of  the  gastric  juice,  and  which  could  cause  poisoning  also  through 
the  sto^iach  and  through  the  respiratory  apparatus. 

Fortunately  Vidal  dyes,  owing  to  their  repulsive  odor,  will  scarcely  find  a  wide 
application  in  coloring  food  and  beverages. 

SoMx  REnjEcnoNs  Rboardino  Fxtbthbr  Investigations  of  Dtes  from  a  Sanitart 

Standpoint. 

The  present  investigation,  as  well  as  all  the  investigations  of  the  action  of  dyes  on 
ftnimiilw  by  previous  investigators,  had  for  its  object  the  solution  of  the  question  in 
what  number  there  exists  among  the  dyes  of  the  aromatic  series  dyes  which  possess 
poisonous,  or  more  or  less  pronounced  hannful  properties  (answering  essentially  the 
sanitary  toxicological  question).  From  the  practical  point  of  view  such  investigations 
inesented  and  do  present  the  most  important  interest,  inasmuch  as  they  afford  a  possi- 
bility of  protecting  the  public  from  the  use  of  obviously  poisonous  and  hannful  sub- 
stances, but  by  such  investigations  questions  of  exceedingly  sanitary  importance  are 
not  answered,  namely: 

1.  Oug^t  we  to  consider  as  quite  harmless  those  dyes  which  do  not  induce  pro- 
nounced symptoms  of  poisoning  and  which  are  designated  herein  by  the  term  non- 
poisoDouB? 
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2.  Is  the  usual  answer  which  is  given  to  the  hygienist  by  the  defenders  of  the  unre- 
stricted use  of  the  coal-tar  dyes  for  coloring  food  products  and  beverages,  namely,  that 
in  practice  the  dyes  are  introduced  into  the  human  organism  in  so  small  quantities 
that  their  properties  can  be  neglected,  justified? 

To  both  questions,  besides  the  facts  and  considerations  which  I  gave  above  in  my 
investigations,  we  may  reply  experimentally  in  two  ways: 

(a)  By  prolonged  investigations  continued  over  a  period  of  years  of  the  action  of 
very  minute  quantities  on  the  animal  organism,  which  has  so  fan,  owing  to  the  incon- 
veniences of  such  long  experiments,  not  been  done  by  anybody;  and 

(6)  By  investigation  of  the  action  of  small  doses  of  dye  on  some  physiological  func- 
tions, and  first  of  all  on  the  activity  of  the  digestive  organs,  which  is  first  of  all  dis- 
turbed upon  the  introduction  of  dyes  into  foods  and  beverages.  The  solution  of  the 
last  question  can  be  best  promoted,  in  my  opinion,  by  experiments  made  on  dogs  and 
by  exploratory  examination  of  the  body  according  to  the  method  of  Prof.  Pawlow. 
Unfortunately,  experiments  such  as  these,  owing  to  the  difficulty  of  the  Heidenhain- 
Pawlow  operation,  are  inaccessible  to  the  majority  of  investigators. 

As  a  very  useful  substitute  of  such  investigations  may  serve  observations  on  the 
action  of  dyes  on  the  activity  of  the  digestive  juices  outside  the  body  of  animals. 

On  my  proposition  Dr.  A.  E.  Winogradow  began  in  my  laboratory  experiments  on 
the  action  of  small  doses  of  dyes  of  the  aromatic  series  on  the  digestion  in  vitro.  Dr. 
Winogradow  so  far  examined  25  coal-tar  dyes  in  this  respect  according  to  the  method  of 
Metta  and  convincingly  proved  that  in  insignificant  doses  coal-tar  dyes  (from  one-half 
to  4  milligrams)  entirely  stopped  the  digestion  of  albumen  by  artificial  gastric  juice. 
It  was  found  that  the  capacity  to  depress  the  digestion  is  possessed  not  only  by  poison- 
ous dyes,  but  also  by  dyes  which  proved  in  my  experiments  on  animals  nonpoisonous. 

It  is  quite  possible,  therefore,  that  an  admixture  of  coal-tar  dyes  will  exert  an  unfa- 
vorable influence  on  the  digestion  and  assimilation  of  food  prepared  from  products  col- 
ored by  them.  Experimental  proof  of  the  last  supposition  can  be  given  only  by  experi- 
ments on  the  influence  of  dyes  on  the  metabolism  of  substances  in  animals  amd  man. 

COMPLETE  DETAILED  STATEMENT  OF  ALL  COMBINED  DATA. 
ABBREVIATIONS  OF  AUTHORITIES  CITED. 

The  data  hereinafter  given  is  brought  together  as  nearly  as  pos- 
sible under  the  Green  Table  numbers  to  which  it  is  pertinent.  It  is 
believed  that  the  literature  has  been  quite  thoroughly  searched,  and 
that  nothing  of  substantial  importance  has  escaped  recording  in  this 
compilation;  certainly  whatever  may  have  escaped  can  hardly  serve 
to  change  the  general  conclusion  to  which  this  compilation  leads. 

In  order  to  avoid  repetition  in  the  following  tabulation,  "Weyl" 
is  to  be  understood  as  referring  to  the  book  entitled  "The  Coal  Tar 
Colors,  with  Especial  Reference  to  their  Injurious  Qualities,  etc.,"  by 
Theodor  Weyl,  translated  by  Leffmann  and  published  in  Philadel- 
phia, Pa.,  in  1892. 

''lieber"  refers  to  the  book  entitled  ''The  Use  of  Coal  Tar  Colors 
in  Pood  Products,"  by  Hugo  Lieber,  published  in  New  York  in  1904. 

"Fraenkel"  refers  to  the  book  entitled  ''Arzneimittel  Synthese," 
by  Dr.  Sigmund  Fraenkel,  published  in  Berlin  in  1906. 

"Confectioners  List"  refers  to  the  Official  Circular  from  the  Exec- 
utive Committee  of  the  National  Confectioners'  Association  of  the 
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United  States  entitled  ** Colors  in  Confectionery"  and  reprinted,  in 
part,  in  the  book  entitled  ''Food  Inspection  and  Analysis,"  by  Albert 
E.  Leach,  published  in  New  York  in  1906,  pages  630-634. 

'^ Resolutions  of  Swiss  Analytical  Chemists"  refers  to  these  reso- 
lutions as  published  in  Zeitschrift  fur  Nahrungsmittel  Untersuchung 
und  Hygiene,  1891,  page  293. 

"Schacherl"  refers  to  Schacherl's  pubUcation  entitled  "Die  Zulaes- 
sigkeit  KuenstUcher  Farbstoffe  zum  Farben  von  Lebensmitteln," 
published  in  Vol.  HE,  pages  1041-1048,  of  the  Report  of  the  Fifth 
International  Congress  of  AppUed  Chemistiy  held  in  Berlin  Jime  2 
to  8,  1903. 

"Chlopin"  refers  to  Chlopin's  monograph  published  in  Russian 
and  entitled  ''Coal  Tar  Dyes.  Classification,  properties,  and  action 
of  artificial  dyes  on  the  animal  organism,  etc.,"  published  at  Dorpat 
in  1903,  or  to  the  abstract  of  Chlopin's  paper  printed  at  page  169-172 
of  Vol.  rV  of  the  Report  of  the  Fifth  International  Congress  of  Ap- 
pUed Chemistiy  held  in  Berlin,  1903. 

"Canton  of  Tessin"  refers  to  the  pubUcations  of  the  Tessin  regula- 
tions published  in  1897  in  Zeitschrift  fur  Untersuchung  der  Nahnmgs 
und  Oeniissmittel,  page  414. 

Whenever  possible  the  doses  administered  have  been  given  in  mil- 
ligrams per  kilo  and  grains  per  100  pounds  of  body  weight  of  animal. 
In  the  case  of  the  tabulations  taken  from  Chlopin's  monograph  this 
was  not  done;  but  in  order  to  render  such  comparative  data  easily 
available  factors  have  been  placed  at  the  head  of  each  tabulation; 
for  example,  under  G.  T.  6  (1  gram =106  mg=74.2  grains),  which 
means  that,  each  gram  administered  amoimts  to  106  mg  per  kilo  or 
74.2  grains  per  100  pounds  of  body  weight  of  animal;  by  multiplying 
the  doses  given  by  either  of  the  factors  the  corresponding  compara- 
tive information  is  obtained. 

In  addition  to  the  106  Green  Table  numbers  that  have  been 
examined  physiologically,  there  are  reported  the  results  of  the  phys- 
iological examination  of  8  coal-tar  colors  not  in  the  Green  Tables,  of 
which  3  are  said  to  be  nonpoisonous,  3  are  called  poisonous,  1  is 
called  harmful,  and  the  last  is  said  to  be  ''not  quite  harmless." 
These  8  dyes  are  not  included  in  this  compilation. 

TABULATION    BT    OBEEN    TABLE    NUMBEBS    OF    PHYSIOLOOICAL    AND 

OTHEB  DATA. 

G.  T.  1. 

Trade  names. — ^Picric  acid;  carbazotic  acid. 
Scientific  name. — Symmetrical  trinitrophenol. 
Discovered. — 1771. 
Shade. — Yellow.    Not  offered. 
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FAVOBABLB. 

Nothing. 

UNTAVOBABLE. 

1.  Prohibited  by  ConfectionefB'  List. 

2.  Wbyl  (p.  SO):  '*The  injurious  character  of  picric  acid  has  long  been  known." 

3.  *'In  Germany  its  employment  for  coloring  food  is  forbidden  by  the  imperial  enact- 

ment of  1888,  on  accoimt  of  its  poisonous  character.''    (pp.  68-71.) 

4.  ''The  foregoing  statements  show  that  whOe  the  acid  must  be  considered  poisonous, 

its  injurious  character  is  far  less  than  has  generally  been  assumed,  nevertheless, 
the  legal  prohibition  of  its  use  as  a  coloring  matter  for  food  or  drink  is  just." 
(p.  71.) 

5.  ''Erb  gave  a  rabbit  weighing  1,700  grams,  0.06  gram  of  potassium  picrate  (24.5 

grains  per  100  pounds)  daily  for  90  days;  slight  loss  of  weight  and  occasional 
diarrhea  were  noted,  but  nothing  more  serious."    (p.  69.) 

6.  A  rabbit  weighing  2,065  grams  died  at  the  end  of  19  days,  after  having  taken  2.52 

grams  of  the  substance,  or  854  grains  per  100  pounds  body  weight;  number  of 
doses  not  stated,    (p.  69.) 

7.  Weyl's  experiment  on  a  dog,  weight  not  given:  April  21-26,  0.24  gram  (3.7  grains) 

sodium  picrate  daily;  April  28-May  9,  0.36  gram  (5.5  grains)  daily;  total,  5.76 
grams  (8.9  grains)  sodiimi  picrate;  no  serious  disturbance;  May  13,  1.2  grams 
(18}  grains)  sodiimi  picrate  at  one  dose;  weakness  marked,  diarrhea  and  dyspnea 
next  day;  May  14,  0.6  gram  (9}  grains)  caused  vomiting;  evening  of  same  day, 
0.36  gram  (5.6  grains)  given;  May  15,  animal  lively;  0.24  gram  (3.7  grains) 
again  given,  and  on  evening  of  same  day  0.72  gram  (11.2  grains);  ^y  16, 
marked  weakness  of  animal,  and  0.16  gram  (2.5  grains)  given,  causing  vomiting; 
May  17, 0.17  gnun  (2.6  grains)  given;  May  18  and  19,  animal  definitely  recovered, 
and  aside  from  strong  yellow  tinge  of  the  conjunctiva  and  skin,  no  abnormal 
conditions  manifest.  Animal  died  May  20  siter  receiving  1.32  grams  (20.4 
grains)  potassium  picrate.  Weyl  concludes,  therefore,  that  dogs  are  resistant 
to  this  substance,  notwithstanding  the  prostration  and  the  blood  disorganiza- 
tion. 

8.  Weyl  summarizes  the  effect  on  humans  from  therapeutic  and  poisoning  cases  to 

the  effect  that  daily  doses  of  from  0.54  to  0.90  gram  (8.3  to  13.8  grains)  of  potas- 
sium picrate  are  easily  borne  by  healthy  adults  for  a  considerable  time;  children 
and  weak  adults  bear  picric  acid  badly,    (p.  70.) 

9.  "Picric  acid    *    *    *    is  poisonous    *    *    *."    (p.  96.) 

10.  Fbaenkbl  (p.  S7£):  "On  the  other  hand,  this  substance  is  not  usable  for  internal 

administration  on  account  of  its  decomposing  the  red  blood  corpuscles,  and  of 
its  energetic  cramp  production,  as  well  as  on  account  of  its  disturbance  of  the 
kidneys,  and  the  ultimate  paralysis  of  the  respiratory  centers;  neverthdess, 
picric  acid  is  not  to  be  considered  a  violent  poison    *    *    *." 

11.  ScHACHEBL  {p.  1044)'-  "Picric  acid    *    *    *    (is),  according  to  numerous  state- 

ments in  the  literature,  poisonous  even  in  small  doses,  and  (is)  therefore  un- 
qualifiedly to  be  declared  as  unpermissible." 

12.  LiEBEB  (p.  16),  where  it  is  stated  to  be  forbidden  by  the  German  law,  and  is  also 

otherwise  substantially  the  same  as  Weyl  above  quoted. 

13.  Resolutions  of  the  Society  of  Swiss  Analytical  Ohemists,  September,  1891:  "The 

following  are  to  be  regarded  as  coloring  matters  harmful  to  health:  *  *  * 
picric  acid    *    *    *." 

14.  Prohibited  by  the  Belgian  law  of  June  17, 1891. 

15.  Lb  WIN  {Lekrbuch  der  Toxikohgief  1897,  p.  2S2):  "Picric  acid  is  poisonous.    Rab- 

bits can  stand  daily  10  milligrams  of  a  green  containing  picric  acid,  but  not  20 
milligrams.    Their  death  is  accompanied  by  paralysis." 

16.  Buss  lists  it  as  poisonous. 
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G.  T.  2. 

Trade  names. — ^Victoria  YeUow;  Victoria  Orange;  Golden  Yellow; 
Saffron  Substitute;  Anilin  Orange;  Di-nitro-Cresol. 
Scientific  name, — ^Di-nitro-o-and-p-cresol. 
STiade. — ^Yellow.    Not  offered. 
Discovered, — 1869. 
Used  for  coloring  butter,  liqueurs,  etc. 

rAVOaABLB. 

Nothing. 

UNFAVORABLE. 

1.  Prohibited  by  Confectionen'  List. 

2.  Fraenkel  (p.  S7£):  "On  the  other  hand  dinitro-cresol  is  much  more  intensely 

poisonous  (than  picric  acid),  which  is  probably  caused  by  its  greater  solubility 
in  water." 

3.  ScHACHBBL  (p,  1044):  *    *    *    Dinitro-cresol  [is],  according  to  nimierous  state- 

ments in  the  literature,  poisonous  even  in  small  doses,  and  [is]  therefore  imquali- 
fiedly  to  be  declared  as  impermissible." 

4.  Resolutions  of  the  Society  of  Swiss  Analytical  Chemists,  September,  1891:  ''The 

following  are  to  be  r^arded  as  coloring  matters  hannful  to  health    *    *    * 
Dinitro-cresol    *    ♦    *." 

5.  Forbidden  by  the  Canton  of  Tessin. 

6.  Weyl  (p.  31):  **1  have  shown  the  same  (poisonous  nature)  for  Dinitro-cresol  (Saf- 

fron Substitute).    (See  Zts.  angew,  Chen,^  1888,  No.  12,  for  confirmation  of  my 
results  by  Crerlach.)" 

7.  "The  reverse  is  the  case  with  the  poisonous  dinitro-cresol  (Saffron  Substitute). " 

(p.  55,) 

8.  Weyl  describes  experiments  with  this  compound,    {pp,  71-35,) 

9.  Fourteen  rabbits  were  experimented  on,  of  which  13  died.    Amounts  administered 

in  the  fatal  cases  per  100  pounds  body  weight  were  (p.  74): 
Grains.  Grains. 

189  175 

175  168 

175  175 

175  168 

175  168 

175  175 

175 
Of  12  experiments  on  dogs,  5  receiving  the  color  by  the  mouth  and  7  hypoder- 
mically,  3  cases  resulted  fatally;  the  fatal  case  by  the  mouth  requiring  38i  grains 
per  100  pounds  body  weight;  the  2  fatal  cases  hypodermically  represented  11  and 
20  grains  per  100  pounds  body  weight,  respectively,  although  140, 38.5, 31.6,  and 
35  grains  per  100  pounds  body  weight  by  the  mouth  were  borne  without  fatal 
effect;  and  24},  11.9,  9.8,  and  4.9  grains  per  100  pounds  body  weight,  hyix)- 
dermically,  were  also  borne  without  fatal  effect  {p,  75), 

10.  Weyl(p.  9fi):    "*    *    *    Dinitro-cresol    *    *    *    are  [is]  poisonous;    *    *    ♦" 

11.  Prohibited  by  the  Belgian  law  of  June  17, 1891. 

12.  {Zts,  Nakr.  Qtnuum.,  1892^  p.  S5S):  Recommended  as  an  insecticide,  1500  being 

sufficient  for  all  ordinary  pwrpooes.    One  milligram  is  sufficient  to  kill  a  moiise ; 
2  milligrams  recommended  for  VillJTig  mice. 

13.  Wbtl  (Handbwh  der  Hygime)-,  For  humans,  the  fatal  dose,  when  administered  by 

the  stomach,  appears  to  be  60  milligrams  per  kilo  body  weight,  or  43  grains  per 
100  pounds. 
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14.  **  The  preeident  of  the  Council  of  Oppebi  forbids  on  April  19, 1899,  the  use  of  Saf- 

fron Surrogate  for  coloring  food  products." 

15.  Lbwin  {Lekrfmch  der  Toxikologie,  1897,  p.  tS2):  "Saffron  Surrogate    »    ♦    *, 

which  is  used  for  coloring  foodstufb,  is  poisonous.  It  appears  to  attack  the 
coloring  matter  of  the  blood,  and  produces,  in  the  case  of  dogs,  vomiting,  cramps, 
and  convulsions.  *  *  *  Feathers  colored  with  Saffron  Surrogate  cause 
burning  and  itching,  and  finally  blisters  on  the  hands  of  the  women  working 
with  them;  the  faces  were  also  similarly  affected,  and  this  was  accompanied  by 
loss  of  appetite  and  fever." 

16.  Buss  lists  it  as  poisonous. 

G.  T.  3. 

Trade  names. — ^Martius  Yellow;  Naphthol  Yellow;  Naphthylene  Yel- 
low; Naphthylamin  Yellow;  Manchester  Yellow;  Grolden  Yellow;  Saf- 
fron Yellow;  Jaune  d'Or;  Jaune  Naphthol. 

Scientific  name. — Dinitro-alpha-naphthoL 

Discovered. — 1864. 

Shade. — Yellow.    Not  offered. 

FAVOBABLB. 

Nothing. 

UNFAVOaABLB. 

1.  Prohibited  by  Confectioners'  List. 

2.  Weyl(p.31):  "Cazeneuve  and  Lupine  pointed  out  the  poisonous  nature  of 

Martins  Yellow    *    *    ♦." 

3.  *'  This  body  (Chamber  of  Commerce  at  Sonnebeig)  recommends  for  the  prepara- 

tion of  children's  toys  three  colors,  the  poisonous  character  of  which  I  can 
demonstrate.    These  are  Martins  Yellow    *    *    *.*'    (p- 34.) 

4.  ^'For  instance,  for  preliminary  researches,  dogs  and  rabbits  have  value  for 

chemical  reasons.  The  conclusions  derived  from  such  experiments  must  be 
accepted  with  great  deliberation,  since  it  happens  that  rabbits  will  bear  without 
injury  doses  which  will  seriously,  nay,  even  fatally,  act  upon  the  dog,  as  I 
have  already  shown  to  be  the  case  with  Martins  Yellow."  (p.  56.) 
6.  Where  two  experiments  by  Cazeneuve  and  L6pine  are  referred  to,  in  which 
diarrhea,  vomiting,  and  albuminuria  were  produced  by  this  substance. 
(pp.  S&SB.) 

6.  Weyl's  own  experiments  on  4  dogs  showed  weakness,  vomiting,  diarrhea,  and 

albuminuria  resulting  from  the  use  of  this  color;  the  amounts  of  color  admin- 
istered per  kilogram  of  body  weight  were  73,  17.5,  17.5,  and  11.3  milligrams, 
which  amount  to  51,  12,  12,  and  8  grains,  respectively,  i>er  100  pounds  of 
body  weight,    (p.  87.) 

7.  ''Martins  Yellow,  therefore,  belongs  to  the  injurious  colors.    As  a  coloring  matter 

for  food  and  drink  its  use  should  be  wholly  prohibited."    (p.  89.) 

8.  "  *    *    *    and  Martins  Yellow  are  poisonous;    *    *    *."    (p.  96.) 

9.  Lewin  (Lehrhich  der  Toxikologie,  1897,  p.  281):  "Like  Saffron  Surrogate,  it  is 

poisonous.  In  an  experiment  on  myself,  using  laige  doses,  I  noticed  among 
others  the  general  yellow  coloration  of  the  skin.  In  a  poisoning  resulting 
fatally  after  5  hours  with  Martins  Yellow,  vomiting,  yellow  coloration  of  the 
skin  and  mucous  membranes  were  observed;  whereas  the  autopsy  revealed, 
among  other  things,  hemorrhagic  gastritis.  (Jacobson,  Hoep.  Tid.,  1893,  p. 
765.)" 
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10.  "  Such  flooall  amounts  as  are  used  for  the  coloring  of  pastry  are  said  to  be  non- 

poisonous.    ( VUalU  boll  Mm,  farm,,  1893,  p.  738.)"    {p,  ftSl,) 

11.  CAZEVKuyB  AND  UpiNB  (Compt.  rend,,  1885,  v,  101,  pp.  1167-1169)  say:  I.  "A 

dog  received  71  milligrams  per  kilogram  of  body  weight,  or  50  grains  per  100 
pounds  daily.  On  the  second  day  diarrhea  and  vomiting  ensued;  loss  of 
appetite  except  for  milk.  Thereafter  it  experienced  difficulties  in  breathing; 
suffered  albuminuria;  its  urine  was  colored;  it  died  on  the  sixth  day.  The 
autopsy  disclosed  considerable  congestion.  II.  A  dog  weighing  22  kilos 
received  400  milligrams  (19  milligrams  per  kilo  or  13  grains  per  100  pounds); 
this  caused  a  yellow  vomit;  next  day  it  received  500  milligrams  (27  milligrams 
per  kilo  or  17  grains  per  100  pounds),  which  caused  violent  diarrhea,  fever, 
thirst,  disinclination  for  all  food.  The  animal  was  killed;  the  autopsy  showed 
badly  congested  kidneys." 

12.  Prohibited  by  the  Belgian  law  of  June  17, 1891. 

13.  ScHACHERL  (p,  1044)'-    "*    *    *    Martius  Yellow    *    *    ♦    [ig],  according   to 

numerous  statements  in  the  literature,  poisonous  even  in  small  doses,  and  [is] 
therefore  imqualifiedly  to  be  declared  as  unpermissible." 

14.  Prohibited  by  law  in  Italy.    (See  Lieber,  p,  £4») 

15.  Fraenkel  (p.  57t):  **  This  substance  also  shows  poisonous  properties,  although 

it  is  less  poisonous  than  dinitro-cresol." 

16.  IU90hUion8  of  the  Society  of  Stoias  Analytical  Chemists,  September,  1891:  "  The 

following  are  to  be  regarded  as  coloring  matters  harmful  to  health  *  *  * 
Martius  Yellow    ♦    *    *." 

17.  Forbidden  by  the  Canton  of  Tessin. 

18.  Dietrich  (Zts,  Nakr,  Genussm.,  1902,  v,  5,  p.  364):  ''A  lot  of  groats,  after  eating 

which  a  family  became  sick,  was  found  to  be  free  from  ordinary  poisons,  but 
had  been  colored  with  Martius  Yellow.'' 

19.  Buss  lists  it  as  poisonous. 

DOUBTFUL. 

1.  WiNOORADOW  (Zts.  Nahrs.  Oenussm.,  1903,  v.  6,  p.  589)  says  it  noticeably  retards 
digestive  action;  is  not  indifferent. 

G.  T.  4. 

Trade  names. — Sulphur  Yellow;  Sulphonaphthol  Acid  Yellow; 
Succinic;  SoUd  Yellow;  Saffron  Yellow;  Jaune  Adde  C;  Jaune  Acide; 
Fast  Yellow;  Qtronin;  Anilin  Yellow;  Acid  Yellow  S. 

Names  under  which  it  vxis  offered  on  the  United  States  market  as  a 
food  cdar  in  iS07.— Naphthol  Yellow  SLOZ;  Naphthol  Yellow  S; 
Naphthol  Yellow;  Naphthol  Yellow  L;  Yellow  F  Y;  Lemon  Yellow. 

Scientific  name. — ^Dinitro-alpha-naphthol-beta-monosulphonic  add. 

Discovered  and  patented. — 1879. 

Shade. — ^Yellow.     Offered  by  10  out  of  12  sources. 

FAVORABLE. 

1.  Permitted  by  Confectioners'  list. 

2.  Cazekruve  and  LipiNE  (Compt,  rend.,  1885,  v.  101,  pp,  1167-1169)1  "A  dog 

received  each  day  for  5  days  32  milligrams  per  kilogram  of  body  weight,  or 
23  grains  per  100  pounds;  for  the  10  days  next  succeeding  it  received  four  times 
that  amount,  that  is,  133  milligrams  per  kilogram  of  body  weight,  or  93  grains 


Digitized  by 


Google 


80  COAL-TAE  COLORS  USED  IN  FOOD  PRODUCTS. 

2.  Cazenbuyb  and  L^finb  (Compt,  rend.,  1686,  v.  101,  pp.  1167-1169)— Contmaed. 

per  100  pounds;  for  the  10  days  next  succeeding  it  received  daily  twice  tlie  last 
amount,  or  266  milligramB  per  kilogram  of  body  weight,  that  is,  186  graiuB  per 
100  pounds.  It  received  altogether  in  the  25  days  62 J  grams,  or  964  grains. 
There  was  no  vomiting,  no  diarrhea,  and  no  albumen  in  the  urine  at  any 
time." 

3.  Wbyl  (p,  31):  ***    *    *    not  poisonous  to  human  beings  and  dogs:  Naphthol 

Yellows.    *    *    *." 

Weyl  describes  his  own  experiments  on  3  dogs,  giving  them,  respectively, 
417,  34,  and  100  milligrams  per  kilo  body  weight,  or  per  100  pounds  292,  24, 
and  70  grains,  respectively.  Whether  the  color  was  administered  by  the  mouth, 
or  injected  subcutaneously,  all  bodily  functions  appeared  to  remain  normal, 
and  it  was  only  in  the  case  of  repeated  doses  of  417  milligrams  per  kilogiam 
of  body  weight,  or  292  grains  per  100  pounds,  that  albuminuria  appeared, 
(pp.  89-92.) 

4.  ''Only  the  sulphonated  colors  Naphthol  Yellow    *    *    *    are  harmless  and  appli- 

cable to  the  coloring  of  food  and  drink.''    (p.  96.) 

5.  Permitted  by  the  laws  of  Austria. 

6.  Permitted  by  the  law  of  Italy. 

7.  Permitted  by  the  law  of  France. 

8.  ScHACHEBL(p.  i(?44):  "*    *    *    Naphthol  Yellow  S    *    »    *    possesses  no  poi- 

sonous properties." 

9.  Frabnkbl  (p.  572):  ''Naphthol  Yellow  S  is  an  entirely  nonpoisonous  substance." 

10.  Mbter  (/.  Amer.  Chem,  Soc.  1907,  v.  29,  p.  900):  One  hundred  milligrams  per 

kilogram  of  body  weight  for  the  initial  administration,  and  subsequent  admin- 
istrations increased  geometrically.  After  the  second  administration  intermit- 
tent diarrhea  resulted,  emphasized  by  increased  amounts  with  no  albumin  or 
sugar  in  the  urine;  continued  for  14  administrations;  so  that  in  14  administra- 
tions 147.58  grams  of  color  had  been  given;  the  initial  dose  is  70  grains  per  100 
pounds  of  body  weight,  and  the  average  daily  dose  of  the  total  administered 
is  394  grains  per  100  pounds  of  body  weight.  Urine  only  slightly  yellow  col- 
ored after  small  doses,  but  red  after  laiger  doses. 

11.  Libber  (p.  14S):  A  dog  received  36  milligrams  per  kilogram  of  body  weight,  or 

25.2  grains  per  100  pounds  once  a  day  seven  times  every  other  day;  during  the 
whole  period  the  dog  was  apparently  in  good  condition  with  no  bad  effects 
from  the  color. 

12.  Birss  lists  it  as  nonpoisonous. 

13.  Cazbneuvb  and  Lupine  (Compt.  rend.,  1885,  v.  101,  pp.  1167-1169):  Three 

chronic  invalids  received  daily  from  2  to  4  grams  of  the  dye  in  cochets;  except 
slight  colic  and  diarrhea  nothing  abnormal. 

doubtful. 

1.  Lbwin  (Lehrhuch  der  ToxQsologie,  1897,  p.  2S2):  "Acid  Yellow  S  is  said  to  be  able 

to  produce  dermatitis  on  frequent  contact  therewith." 

2.  WiNOGRADOw  {Zts.  Nohr,  Genusum.,  1903,  v.  6,  p.  589)  says  it  noticeably  retards 

digestive  action;  is  not  indifferent. 

G.  T.  5. 

Trade  name. — ^Brilliant  Yellow;  Naphthol  Yellow  S  or  RS. 
ScientificTUime. — Dimtro-alpharnaphthol-alpharmonosulphonicacid. 
Discovered  and  patented. — 1884. 
Shade.— Y^ow.    Not  oflPered. 
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FAVOCABIiE. 

1.  Pennitted  by  GonfectionerB'  List. 

2.  Wbtl  (pp,  92-94)'-  Describes  experiments  on  2  dogs,  in  which  the  initial  dose 

was  532  milligrams  by  the  mouth,  and  17  milligrams  hyx>odermically,  per  kilo- 
gram of  body  weight,  respectively,  372  and  12  grains  per  100  pounds  of  body 
weight;  in  both  cases  the  urine  was  colored,  in  the  second  case  traces  of  albu- 
minuria resulted.    In  the  first  case  the  albuminuria  was  doubtful. 

3.  ''Brilliant  Yellow  is  not  poisonous,  even  in  large  doses,  when  administered  by  the 

stomach    *    *    *    the  albuminuria  was  very  slight.    (j>,  94-) 

4.  "Only  the  sulphonated  colors    *    *    *    Brilliant  Yellow,  are  harmless,  and 

applicable  to  the  coloring  of  food  and  drink. "    (p.  96,) 

5.  ScHACHEBL    (p.    1044)'-  "    ♦    *    *    Brilliant    Yellow    ♦    ♦    *    possesses    no 

poisonous  properties. ' - 

6.  Frabnkbl  (p.  57£):  "For  the  same  reason    »    ♦    ♦    Brilliant  Yellow    *    ♦    ♦ 

is  without  effect. " 

G.  T.  6. 

Tradenames. — Aurantia;    Nitrodiphenylamin;    Imperial    Yellow; 
Kaiser  Yellow. 
SderUijlc  name. — ^Hexanitro-diphenylamin. 
Discovered. — 1873. 
Shade. — ^Yellow.    Not  offered. 


Nothing. 


FAVORABLB. 


UNFAVORABLE. 


1.  Wbtl  (p.  95):  "    *    ♦    ♦    Aurantia  suspicious. " 

2.  ScoACSEBL  (p.  1044):"    *    *    •    Aiuantia  [is]  according  to  numerous  statements 

in  the  literature  poisonous  even  in  small  doses,  and  [is]  therefore  unqualifiedly 
to  be  declared  as  unpermissible.  ** 

3.  Chlopin  (p.  116)  as  results  of  his  experiments  considers  it  injurious.    The  experi- 

mental data  are  as  follows: 

Expenmental  data  by  Chlopin, 
[1  gram-il06  mg-i74.2  gnins.] 


IHto. 

Dose. 

Weight. 

24  hours' 
urine. 

General  condition  of  animal  and  urine. 

1908. 
Mar.  13 
13 

OrafM, 

JTOm. 
0.4 

oc. 
450 
426 
400 

300 
410 
400 

Before  experiment  urine  and  dog  normal. 

Vomited  several  times;  urine  orange,  and  no  albumen. 

14 

Repeated  vomiting;  urine  dark  brown,  acid;  no  albumen;  dog 

16 

eats. 
No  vomiting;  urine  almost  black;  acid;  no  albumen. 

18 

Nq  vomiting*  nrinA  dark  brawn,  'Roid;'nn  Albumen. 

10 

Vomiting:  urine  almost  black;  acid;  no  albumen. 

ao 

No  vomiting;  urine  idmost  black,  acid;  no  albumen. 

21 

425 

Same;  urine  chocolate  brown,  acid;  no  albumen;  general  condi- 

2).aB 

0.3 

tion  normal. 
Oradually  color  of  urine  becomes  normal;  in  every  other  respect 

dog  is  well. 

ToW. 

18 

W291*'— Bull.  147- 
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4.  Fraenkel  (p.  57^):  '^The  coloring  matter  called  Auiantia,  which  is  a  salt  of 

hexanitro-diphenylamin,  appeaiB  to  be  poisonous  on  account  of  the  nitio  groups, 
which  is  on  the  other  hand  denied  by  a  few  observers.  '^ 

5.  ReMlutions  of  the  Swiss  Arudyiitxd  Chemists^  September,  1S91:  '^The  following  are 

to  be  reg^oded  as  coloring  matters  harmful  to  health  *  *  *  Auiantia 
♦    #    ♦  »» 

6.  Forbidden  by  the  Canton  of  Tessin. 

7.  Lbwin  {Lehrhudi  der  Toxikologie,  1897,  p.  tS2):  ''Auiantia  has  a  poisonous  action. 

After  wearing  gloves  for  8  hours  made  with  so-called  dogskin,  which  were  col- 
ored with  Aurantia,  a  man  suffered  confluent  blisters,  accompanied  by  itching. 
The  workmen  with  this  material  get  blisters  on  the  face  and  on  the  hands. 
Perspiration  increases  the  tendency  to  such  blisters. " 

8.  Buss  lists  it  as  poisonous. 

G.  T.8. 

Trade  names. — ^Acid  Yellow;  Fast  Yellow  G;  Acid  Yellow  G;  Fast 
Yellow;  Fast  Yellow  extra;  Jaune  Acide;  New  Yellow  L. 

Names  under  which  it  was  offered  on  the  United  States  market  as  a 
food  color  in  1907.— Fsst  Yellow  Y;  Fast  Yellow  G;  Acid  Yellow  G 
pat.;  Fast  Yellow  053. 

Scientific  nam£. — ^Amidoazobenzene-disulphonate  with  some  sodium 
amidoazobenzene-monosulphonate. 

Discovered. — 1878. 

Shade. — ^Yellow.     Offered  by  5  out  of  12  sources. 

FAVORABLE. 

1.  Permitted  by  Confectioners'  List. 

2.  Gazeneuve  and  Lupine  {Bull,  de  Vacad^  de  mid.,  April  27,  1886,  p.  648),  where 

it  is  classified  among  the  '' nontoxic"  colors. 

3.  Fbabnkel  (p.  575),  where  it  is  stated  to  be  nonpoisonous. 

4.  Permitted  by  the  law  of  Austria. 

UNFAYOBABLB. 

1.  Wbyl  (p.  115):  "Poisonous  to  human  beings.    (?) " 

2.  Ghlopin  (p.  151)  considers  that  the  work  of  others  makes  this  a  suspicious  color. 

His  own  experimental  data  are  as  follows: 

ExperiTtiental  data  by  Chlopin, 

G.  T.  8  AND  9. 

[1  gram- 152  mg-106  grains.] 


Date. 

Dose. 

Weight. 

24hoiirB* 
urine. 

General  condition  of  animal  and  urine. 

1901. 
Mar.  11-13 

GraiM. 

Kiloi. 

cc. 
310 

Dog  normal;  color  urine  normal;  add;  no  albumen. 

14 

1 

6.6 

"Do. 

15 

Do. 

16 

Urine  greenlah  brown;  reddens  with  H1BO4  and  HCl;  no 

17 

305 
380 
320 
280 
292 

albumen. 
Color  same;  traces  of  albumen. 

18 

Color  less  Intense;  trace  of  albumen. 

19 
30 

3 

6.4 

Do. 
Everytnlng  normal. 

21 

6.5 

Total 

4 

Conclusion;  ^^ Suspicious,*' 


Digitized  by 


Google 


COMPILED  DATA  UNDEB  GBEEN  TABLE  KtJMBEBS.  83 

3.  Buss  {Forichungiber.  iJUber  LebensmiUel,  1396,  Vol.  Ill,  p,  17S):  Is  regarded  as 

poisonous. 

4.  EoBEBT  (Lehrbuth  der  IntoxicatUmen,  1893,  p,  S35):  Listed  as  poisonous. 

5.  Lewin  (Lehrhiuh  der  Toxikologie,  1897,  p.  tSl)  says  "produces  eczema,"  and 

cites  D«4tocft€  Med.  Wochms(kr,,  1891,  p.  45. 

G.  T.  9. 

Trade  nawws.— Fast  Yellow  R;  Fast  Yellow;  Yellow  W. 
Name  under  which,  it  was  offered  on  the  United  States  market  as  a 
food  color  in  1907.—Feist  Yellow  034. 
SeientiJU  name. — Sodium  salt  of  amidoazotoluene-disulphonic  acid. 
Discovered  and  patented. — 1878. 
Shade. — Yellow.     Offered  by  1  out  of  12  sources. 

FAVORABLE. 

1.  Pennitted  by  ConfectionerB'  List. 

2.  Wbtl  (p.  31):  *<    *    *    ♦    not  poisonoiis  to  human  beings  and  dogs    *    «    * 

Solid  Ydlow." 

3.  Cazbneute  and  L^inb  (Compt  rend.,  1885,  v.  101,  pp.  1167-1169):  A.  A  dog 

received  42  milligrams  per  kflogram  of  body  weight,  or  29  grains  pet  100  pounds, 
for  5  days;  thereupon  received  four  times  that  amount  for  5  days,  or  168  nulli- 
grams  per  kilogram  body  weight,  or  117  grains  per  100  pounds;  for  the  10  days 
next  succeeding  it  received  daUy  twice  the  last  dose,  or  336  milligrams  i>er 
kilogiam  of  body  weight,  that  is,  235  grains  per  100  pounds;  it  then  received 
in  1  day  20  times  the  original  dose,  or  840  milligrams  i>er  kilogiam  body 
weight,  that  is,  596  grains  i>er  100  pounds,  and  during  the  entire  period  nothing 
abnormal  was  noticed.  B.  Three  chronic  invalids  received  from  2  to  4  grains 
of  the  dye  daily;  excejyt  colic  without  diarrhea  nothing  abnormal.  They  con- 
cluded that  this  dye  ia  no  more  haimful  than  Naphthol  Yellow  S  (G.  T.  4). 

4.  Gazenbtjvb  and  LApinb  (BuU.  de  Vacad.  de  mid.,  1886,  p.  648):  Tolerated  by 

man,  well  or  sick. 

UNFAVOHABLE. 

1.  Weti.  (p.  US):  ** Poisonous  to  human  beings.    (?)" 

2.  Ghlopin  (p.  151):  Where  he  considers  that  the  work  of  others  makes  this  a  sus- 

picious color.  For  his  experimental  data  thereon  see  table  imder  G.  T.  8; 
Ghlopin's  chemical  description  of  the  dye  used  applies  to  both  G.  T.  8  and  9. 

3.  KoBEBT  Lehrhuch  der  Intoxkationen,  1893,  p.  336):  Listed  as  poisonous. 

G.  T.  11. 

Trade  names. — Sudan  I;  Carminaph. 

Names  under  which  it  was  offered  on  the  United  States  market  as  a 
food  color  in  1907. — Oil  Orange  7078;  Cerasin  Orange  I. 
Sdentijic  name. — ^Benzene-azo-betanaphthol. 
Discovered.— 1S83. 
Shade. — Orange  Yellow.     Offered  by  2  out  of  12  sources. 

FAVOHABLE. 

L  Wbtl(p.  iiJ):  "Nonpoisonous    *    *    *    Soudan  I    *    *    ♦." 
2.  "Other  Azo<»lors,    »    »    »    for  instance  Soudan  I    ♦    *    *    ^ure  entirely  noa- 
poisonous."    (p.  14s,) 
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UKFAVOBABLE. 

1.  Prohibited  by  Confectioiiers'  List. 

2.  Weyl  (p.  119):  Dog  received  18  grams  in  6  doses  in  17  days,  and  remained  under 

observation  5  days  longer;  4  doses  of  168  milligrams  per  kilogram  body  weight 
(118  grains  per  100  pounds)  and  2  doses  of  420  milligrams  per  kilogram  body 
weight  (294  grains  per  100  pounds)  produced  colored  urine,  phenol  in  urine, 
vomiting  and  distinct  albuminuria  beginning  with  the  third  dose.  From  the 
foregoing  Weyl  concludes  as  follows:  "The  color  in  the  doses  administered  is 
not  entirely  harmless,  since  a  limited  albuminuria  seems  to  be  brought  about. " 

3.  Fbaenkbl  (p.  576):  **  It  is  not  wholly  harmless,  since  this  coloring  matter  seems 

to  produce  a  slight  albuminuria.'' 

G.  T.  13. 

Trade  names. — ^Ponceau  4  GB;  Crocein  Orange;  Brilliant  Orange; 
Orange  G  R  X. 

Names  under  which  it  vxis  offered  on  (he  United  Staies  market  as  a 
food  color  in  1907. — Crocein  Orange  10234;  Crocein  Orange;  Crocein 
Orange  G;  Ponceau  4  GB. 

Scientific  name. — ^Anilin-azo-betanaphthol-monosulphonic  acid. 

Discovered. — 1878. 

Shade. — Orange  Yellow.    Oflfered  by  6  out  of  12  sources. 

FAVORABLE. 

1.  Permitted  by  Confectioners '  List. 

2.  WEYL(p.Ji5):  "Nonpoisonous    *    *    *    Ponceau4GB    ♦    *    ♦." 

3.  Experiment  on  dog  in  doses  of  161  milligrams  per  kilogram  body  weight;  that  is, 

113  grains  per  100  pounds  body  weigjit,  apparently  produced  no  disturbance 
aside  from  coloring  of  the  urine,    (p.  124^ 

4.  Weyl  (p.  1A8):  "Other  Azo-colors    *    *    *    for  instance    ♦    ♦    *    New  Coc- 

cin    *    *    *    are  entirely  nonpoisonous." 

5.  Weyl's  conclusion  reads  as  follows:  "  This  color  can  be  regarded  as  nonpoisonous. " 

6.  Frabnkbl  (p.  577):  "Ponceau  4GB  can  be  regarded  as  nonpoisonous.'' 

UNFAVORABLE. 

1.  Excluded  by  law  of  Avstria. 

G.  T.  14. 

Trade  namss. — Orange  G;  Orange  G  G. 

Names  under  which  it  was  offered  on  the  United  Staies  market  as  a 
food  color  in  1907. — Orange  G  G  crystals;  Orange  G. 

Scientific  name. — ^Anilin-azo-betanaphthol-disnlphonic  acid  G. 

Discovered  and  patented. — 1878, 

Shade. — Orange  Yellow.    Oflfered  by  2  out  of  12  sources. 
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FAYOBABLB. 

1.  Ghlopin  examined  this  color,  and  hia  experimental  data  are  as  follows: 

Experimental  data  by  Chlopin. 

No.  1  (p.  liS). 
[1  gnmi-73  mg^U  gndoa.] 


85 


Date. 

Doae. 

Wdght. 

24-hoan' 
oiina. 

Oenaral  oondltloii  of  animal  and  orlne. 

Apr.    4 

Omu. 

1 

XUOB. 

13.7 

cc. 
525 

eoo 

MO 

560 
680 
730 
756 

Notfalnc  abnormal;  no  albmnen. 

Urtne  dear,  yellow,  bladdah  aheen;  no  albmnen. 
Urine  dear,  dark  brown;  no  albamen;  faintly  alkaline. 

2 

Do. 

Nothing  abnonnal. 

10 

Dor 

Total. 

3 

No.2(p.i£^). 
[1  grami-llO  mg-108  giaina.] 


ion. 

Not.   8 

8.4 

815 

12 

3 

Do." 

13-14 

370 

Urine  oranse  in  color,  add,  no  albumen;  in  otber  respeots  nothing 
Do. 

16 

3 
3 
3 
3 

16 

250 
320 
210 
226 
296 

Do. 

17 

Do! 

18 

Do. 

30 

Do. 

21 

Do! 

Total. 

15 

Gondiurion:  Nonpoisonous. 
1.  Excluded  by  Austrian  law. 


UNFAVORABLB. 


G.  T.  IS. 


Trade  names, — ^Ponceau  2  G;  Orange  R. 

ScienHJie  name. — Sodium  salt  of  benzene-azo-beta-naphthol-disul- 
phonic  acid  B. 
Shade.— Bnghi  Bed.    Not  offered. 

FAYOBABLB. 

1.  Pennitted  by  Confectianeni'  list. 

mnrAVOBABLB. 

1.  Excluded  under  Austrian  law. 

2.  Excluded  under  SwiflB  lawB. 

G.  T.  16. 

Trade  names. — ^Butter  Yellow;  Oil  Yellow. 
SdenHJie  name. — ^Dimethyl-amido-azo-benzene. 
Discovered. — 1875. 
Shade. — ^Yellow.    Not  offered. 
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FAYORAALB. 

1.  Wbtl  (p.  SI):  ''Butter  Yellow  produces  no  disturbance  in  rabbits." 

UNPAVOBABLE. 

1.  Ghlopin  (p,  1S8):  Where  as  a  result  of  his  own  experiments  he  considers  it  poi- 
sonous.   His  experimental  data  are  as  follows: 

Experimtnlal  data  by  Chlopih. 

No.i. 

[1  gram- 150  mg-111  grains.] 


Date. 

Dose. 

Weight. 

Oenenl  ooodltion  of  animal  and  urine. 

ig02L 
Biay       6 

7-8 

Qramt. 
3 

KiUa, 
6.3 

Before  experiment  urine  normal;  after  a  few  hoius  vomiUng;  urine  not 

No  vomiting;  eats  poorly;  more  tired  than  usual. 
Dog  gradually  becomes  normal. 
Vomiting;  loss  appetite. 
Repeated  vomiting. 

9-15 

16 

8 

17 

18 

Vomiting  continues.! 

No.  2. 
[1  gram— 96  mg— 67  gralnt.) 


1908. 
Feb.       6 
6 


«3 


ia4 


Before  experiment  dog  quite  normal;  add;  no  albumen. 

Vomiting  during  night;  dog  does  not  eat,  but  drinks;  urine  more  yellow 

than  normal;  add;  no  atbumea;  in  the  evening  the  dog  walked  and 

drank  water. 
Died  during  the  night;  thin  excreta  in  kennel;  autopsy  showed  paralysis 

of  heart  as  causing  death. 


No.  8. 
[1  gram— 167  mg^ll7  grains.] 


Five  hours  after  administration  vomiting  and  involuntary  thin  feces. 
Dog  does  not  eat;  drinJcsmudi;  weak;  urine  dark  yellow;  no  vomiting. 

Do. 
Dog  lies  in  cage;  moves  slowly  when  allowed  out  of  cage;  in  the  evening 

retching. 
Dog  is  stin  weoki  but  general  condition  somewhat  better;  urine  strikingly 

colored;  acid;  no  albumen. 
Began  to  eat;  no  albumen. 
Qeaeral  condition  improving  and  almost  normal;  lassitude  continues 

more  than  usual;  urine  normal  color;  acid;  no  albumen. 
In  the  eveoing  repeated  vomiting;  loss  of  apetite. 
No  vomiting:  in  the  evening  bothersome;  does  not  eat. 


1903. 

Feb.       8 
9 

>2 

6 

10 

11 

12 

13 

14-16 

17 

»2 
2 

18 

19 

5.7 

Stools  normal;  striking  disturbance  of  movements;  paralysis  of  legs;  must 
spread  hind  legs  to  stand;  when  pushed  not  onlv  falls,  out  turns  on  his 
back;  sight  and  hearing  are  normal;  dog  died  at  night. 


1  This  dog  ran  away. 


*  Grueblor's  make. 


*  Berlin  make. 


G.  T.  17,  18,  41. 


17.  Trade  names. — Chrysoidin  Y;  Chrysoidin  ciystals. 
Name  under  which  it  vxis  offered  on  the  United  States  m/irhet  cw  a 
food  color  in  1907, — Chrysoidin  Y. 

Scientific  name, — ^Anilin-azo-meta-phenylene-diamin. 
Discovered. — 1876. 
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Shade. — Orange.    OflFered  by  2  out  of  12  sources. 

18.  Tradenames. — Chrysoidin  R;  Cerotin  Orange;  C  extra;  Gold 
Orange  for  cotton. 

Name  under  which  it  vxis  offered  on  the  United  Staies  marJcet  as  a 
food  color  in  1907. — Chrysoidin  R. 

Scientijic  name. — ^Anilin-azo-meta-tolylene-diamin. 

Shade. — Yellow  brown.    OflFered  by  1  out  of  12  sources. 

41.  Trade  name. — Chrysoidin  R. 

Scientific  name. — ^Hydrochlorid  of  toluene-azo-meta-tolylene-di- 
amin. 

Discovered. — 1876. 

Shade. — Orange  Brown. 

(NoTB. — It  has  not  been  poeeible  accurately  to  differentiate  in  the  literature  as  to 
whether  Nos.  17, 18,  or  41,  or  all  three,  were  referred  to.) 

FAVORABLB. 

1.  Wbtl  (p.  ii5):  "Nonpoisonous    ♦    »    »    Chrysoidin    »    »    »" 

2.  Permitted  by  the  law  of  Italy. 

irNVAVORABLB. 

1.  Prohibited  by  Confectioners'  List. 

2.  Wbtl  (p.  126):  Experiment  on  dog,  giving  him  113  milligrams  per  kilogram  body 

weight,  or  79  grains  per  100  pounds  body  weight,  produced  a  slight  albuminuria. 
In  a  second  experiment  a  dog  receiving  ''1  grain''  ("grain"  is  evidently  a 
misprint  for  "gram"  and  will  be  so  treated),  that  is,  105  milligrams  per  kilogram 
body  weight,  or  74  grains  per  100  pounds  body  weight,  daily  for  one  month,  did 
not  produce  albuminuria,  but  caused  a  loss  of  body  weight  of  about  12.5  percent. 
A  third  dog  receiving  about  2  milligrams  per  kilogram  body  weight,  or  about  1.5 
grains  per  100  pounds  body  weight  subcutaneously,  suffered  a  loss  of  20  per  cent 
of  its  body  weight  in  23  days;  dose  repeated  24  days  after  and  animal  kept 
under  observation  seven  days  longer  when  animal  was  normal. 

3.  Weyl  in  summarizing  experiments  on  these  three  dogs  concludes  as  follows: 

"Chrysoidin  produces,  according  to  my  investigations,  a  slight  albuminiuia, 
and  notable  reduction  in  body  weight,  but  further  disturbance  has  not  been 
noted."     (p.irr.) 

4.  Frabnkbl  (p.  577):  "The  above»-mentioned  Chrysoidin    *    *    *    produces  a 

slight  albuminuria,  and  a  notable  decrease  of  body  weight,  and  produces  factory 
eczema." 

5.  Lbwin  {Lekrhuch  der  Toxikologie,  1897,  p,  2S1):  ''Produces eczema,"  and  cites 

DeuUche  Med.  Wochcnm^r.,  1891,  p.  45. 

G.  T.  28. 

Trade  name. — ^Archil  Substitute  V. 

Scientific  name. — Sodiiun  salt  of  para-nitrobenzene-azo*alpha-naph- 
thjlamin-pararsulphonic  acid. 
Discovered  amd  poitenied. — 1878. 
Shade.— Red.    Not  offered. 
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FAYORABLB. 

1.  Permitted  by  Confectionera'  List. 

2.  Weyl(2).J/5):  "Nonpoiflonous    *    ♦    *    Archil  Substitute    *    ♦    *." 

Describing  experiments  on  three  dogs,  as  follows:  A.  430  milligrams  per 
kilogram  body  weight,  or  301  grains  per  100  pounds  body  weight,  on  each  of  two 
successive  days,  and  double  the  dose  on  the  fourth  day,  producing  no  vomiting, 
but  a  tendency  to  vomit,  a  slight  albuminuria  and  colored  urine.  B.  182  mil- 
ligrams per  kilogram  body  weight,  or  1^7  grains  per  100  pounds  body  weight, 
administered  daily  for  one  month;  results  similar  to  foregoing,  but  no  colored 
urine.  G.  105  milligrams  per  kilogram  body  weight,  or  116  grains  per  100  pounds 
body  weight  administered  subcutaneously,  produced  only  slight  albuminuria, 
and  no  reduction  in  body  weight,    (p,  125.) 

G.  T.  43. 

Trade  names. — Orange  GT;  Orange  RN;  Orange  O;  Orange  N. 
Scientific  name. — Sodium  salt  of  toluene-azo-beta-naphthol-sulpho- 
nic  acid. 

Discovered. — 1879. 

Shade. — Orange.     Not  offered. 

FAVORABLB. 

1.  Permitted  by  Confectioners'  List. 

UNFAVORABLB. 

1.  Excluded  by  Austrian  law. 

2.  Excluded  by  Swiss  laws. 

G.  T.  55. 

Trade  nawss. — ^Ponceau  R;  Ponceau  2  R;  Ponceau  G  and  GR; 
Xylidin  Red;  Xylidin  Scarlet. 

Names  under  which  it  was  offered  on  the  United  States  marJcet  as  a 
food  color  in  1907. — Scarlet;  Orange  R. 

SderUific  nams. — Sodium  salt  of  xylene-azo-beta-naphthol-disul- 
phonic  acid. 

Shade. — Scarlet.     Offered  by  2  out  of  12  sources. 

IVAVORABLB. 

1.  Permitted  by  Confectioners'  List. 

2.  Wbtl  (p.  SI):  "According  to  Cazeneuve  and  Lupine's  experiments  the  follow- 

ing are  not  poisonous  to  human  beings  and  dogs    *    *    *    Ponceau  R  *   *   *." 

3.  "Ponceau  R  (Ponceau  2  R,  Xylidin  Red,  Xylidin  Ponceau),  not  poisonous  to  dogs 

neither  by  administration  by  stomach  nor  injection  into  blood. "    (p.  115.) 

4.  "  Other  Azo  colors    *    ♦    *   Xylidin  Red    *    ♦    *    are  entirely  nonpoiBonous.'' 

(p.  148.) 

5.  Frabnkbl  (p.  575):  "That  the  monazo  coloring  matters  examined  by  Cazeneuve 

and  Lupine,  as  already  above  stated,  were  nonpoisonous,  can  be  easily  explained 
by  the  constitution  of  these  substances.  These  two  investigators  examined 
*    •    *    Ponceau  R    •    •    »." 
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6.  LzBBEB  (p.  140):  A  guinea  pig  received  310  milligrainB  per  kilogram  body  weight 

or  217  grains  per  100  pounds  body  weight,  once  a  day  six  times  every  other  day; 
the  appetite  appeared  to  remain  good,  and  no  disturbances  were  noted. 

7.  Permitted  by  Austrian  law. 

8.  Permitted  by  Swiss  laws. 

9.  Gazenbuve  and  L^ine  (Bull,  de  Vacad.  de  mSd.,  1886,  p.  SAS):  Tolerated  by 

man  well  or  sick. 
10.  Chlofin  {p,  150)  classes  it  as  nonpoisonous  on  his  own  experiments.    His  experi- 
mental data  are  as  follows: 

Experimental  data  by  Chlopin. 
(1  gram— 141  mg— 99  grains.] 


Date. 

Dose. 

Weight. 

2^hoara' 
mine. 

Qeneral  oondltloii  of  ftniTrn^i  and  urine. 

19Q2. 
May    8 

Onmt. 
2 

ZU08, 

7.1 

ec. 
370 
361 
420 
290 
350 
360 
330 

Doff  and  urine  normal  and  no  albumen. 
Urme  rose-oolored;  no  albumen. 

2 

Color  normal;  no  albumen. 

RoseKX>kired  mine;  no  albumen. 

2 

Normal  color;  no  albumen. 

Roee^iolored;'  no  albumen. 

Color  and  composition  normal. 

Total. 

6 

X7NFAVORABLE. 

1.  Prohibited  by  the  ordinance  of  the  police  commissioner  in  Fiance.    (See  Lieber, 

p.  30,) 

2.  Mbteb  (/.  Amer.  Chem.  Sae.  1907,  v,  $9,  pp,  900-901):  The  dog  experimented 

on  showed  signs  of  paralysis  on  the  morning  of  the  seventh  day  at  8  o'clock, 
and  died  at  10.40  a.  m.,  after  having  received  a  total  of  32  grams  of  color,  of 
which  16  had  been  given  on  the  last  day.  The  initial  dose  was  70  grains  per 
100  pounds  body  weight;  the  total  weight  of  color  was  5,818  milligrams  per 
kilogram  body  weight,  or  4,073  grains  per  100  poimds;  the  average  daily  dose 
was  therefore  682  grains  per  100  pounds,  or  831  milligrams  per  kilogram  body 
weight. 

DOITBTFUL. 

1.  WiNOGRADOW  (Zt$.  Nahr.  Genusam,,  1903,  v.  6,  p,  589)  says  it  almost  completely 
inhibits  digestion. 

G.  T.  65. 

Trade  names. — Fast  Red  B;  Bordeaux  B;  Bordeaux  BL;  Bordeaux 
R  extra. 

Names  under  which  it  was  offered  on  the  United  States  market  as  a 
food  color  in  1907. — Bordeaux  B;  Claret  Red. 

Scientific  vame. — ^Alphanaphthylamin-azo-betanaphthol-disulpho- 
nic  acid. 

Discovered.— IS7%. 

Shade. — Red.    Offered  by  2  out  of  12  sources. 
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FAVORABLE. 

1.  Permitted  by  Oonfectionera'  List. 

2.  Wetl  (p.  lis):  "Bordeaux  Red  (Fast  Red  B)  not  poisonous  to  human  beings." 

3.  "Other  Azo  colors    ♦    *    »    Fast  Red  B    *    »    ♦    are  entirely  nonpoisonous." 

(p.  148,) 

4.  Fraenkel  (p.  575):  "That  the  monoazo  coloring  matters  examined  by  Oazeneuve 

and  Lupine,  as  already  above  stated,  are  nonpoisonous,  can  be  easily  explained 
by  the  constitution  of  these  substances.  These  two  investigators  examined 
*    •    •    Bordeaux  B." 

5.  Abloinq  and  GAZBNBxnrE  (ArchiveB  de  phydologie,  1887,  pp.  356^93):  As  a  result 

of  this  work,  which  is  divided  into  three  parts — (1)  Stating  the  effect  of  direct 
introduction  of  the  color  into  the  circulation;  (2)  intravenous  injections;  (3) 
comparing  the  effects  of  injections  of  color  and  of  salt;  and  (4)  feeding  by  the 
mouth — ^these  investigators  conclude  that  these  coloring  matters  are  toxic  only 
in  extremely  laige  doses;  that  when  given  to  dogs  with  their  food  that  no  incon- 
venience of  any  kind  results;  this  is  based  upon  experiments  on  three  dogs, 
covering  145  days,  where  each  dog  received  per  kilogram  of  initial  body  weight 
in  the  first  case  20,307  milligrams,  or  14,213  grains  per  100  pounds  initial  body 
weight;  in  the  second  case,  29,590  milligrams,  or  20,713  grains  per  100  pounds 
initial  body  weight;  and  in  the  third  case,  28,154  milligrams,  or  19,758  grains 
per  100  poimds  initial  body  weight.  Per  day  this  means  98  grains  per  100 
poimds  initial  body  weight  in  the  first  case;  in  the  second  case,  143  grains  per 
100  pounds  initial  body  weight;  and  in  the  third  case,  137  grains  per  100  pounds 
initial  body  weight. 

6.  Oazeneuve  (Arch.  gSn.  de  nUd.,  1886,  p.  753)  says  it  may  be  taken  without  effect 

by  man  or  animals,  sick  or  well,  in  laige  doses. 

7.  Cazenextvb  and  L^pinb  (BulL  de  Vacad.  de  mid.,  1886,  p.  643):  Tolerated  by  man 

well  or  sick. 

G.  T.  70. 

Trade  name. — ^Azarin  S. 

Sdeniific  name. — ^Ammonium   bisulphite   compound   of  dichloro- 
phenol-azo-beta-naphthol. 
Shade. — Red.    Not  offered. 

favobablb. 

1.  Permitted  by  Confectioners'  List. 

2.  Wetl(p.  ii5):  "Nonpoisonous    *    »    *    Azarin  S    **».'» 

3.  Experiments  on  five  dogs;  three  fed  by  the  mouth;  two  treated  hypodermically, 

of  which  latter  one  died.  The  first  dog  received  1,367  milligrams  per  kilogram 
body  weight  in  25  days;  that  is,  54.7  kilograms  per  day  on  the  average,  or  a  total 
of  957  grains  per  100  pounds  of  body  weight;  that  is,  38  grains  per  100  pounds 
body  weight  per  day.  The  second  dog  received  a  total  of  1,942  milligrams  per 
kilogram  body  weight  in  20  days,  or  97  milligrams  per  kilogram  body  weig^it  per 
day,  which  amoimts  to  a  total  of  1,359  grains  per  100  pounds  body  weight,  or  68 
grains  per  100  poimds  body  weight  per  day.  In  both  cases  a  distinct  amount  of 
albumen  was  present  in  the  urine,  and  the  urine  evolved  sulphurous  acid  on  treatr 
ment  with  hydrochloric  acid.  The  third  dog  received  hypodeimically  three 
doses  in  eight  days,  each  dose  being  213  milligrams  per  kilogram  body  weight; 
that  is,  149  grains  per  100  pounds  body  weight;  no  bad  effects,    (p.  133.) 

3.  "Administered  by  the  stomach  Azarin  S  is  harmless. "    (p.  134.) 

4.  J 'Other  Azo  colors,    *    *    »    for  instance  Azarin  S,  are  entirely  nonpoisonous. '' 

(p.  148.) 

5.  Fraenkbl(p.57^):  "Azarin  S  administered  by  the  stomach  is  entirely  hannless." 
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UNFAVORABLE. 

1.  Wbtl  (p.  1S4):  Dog;  wei^t  not  given;  received  5  cc  of  Azarin  S  paste  by  injec- 

tion into  the  abdominal  cavity,  and  survived  three  days.  "The  cause  of  death 
was  considered  to  bo  peritonitis  without  effusion.  The  residt  of  this  post- 
mortem is  of  much  interest.  The  red  spots  consisted,  as  was  determined  by 
chemical  analj^sis,  of  the  azo  color  which  is  the  basis  of  the  Azarin  S.  Ck)nse- 
quently  in  the  peritoneal  cavity  the  same  splitting  up  of  the  Azarin  S  had 
occurred  which  takes  place  when  it  is  attached  to  textiles. '' 

2.  Fbabnkbl  (p.  SJf8):  To  the  same  effect. 

G.  T.  78. 

Trade  name. — ^Erika  B. 

Sdeniijic    name. — Sodium   salt   of    methyl-benzenyl-amido-thio- 
xylenol-azo-alpha-naphthol-disulphonic  acid. 
Discwered  and  paterUed. — 1889. 
Shade. — Rose  Pink.    Not  oflFered. 


Nothing. 


FAVORABLE. 


UNFAVORABLE. 


1.  Ghlopin  (p.  15S) :  Based  on  his  own  experiments  considers  it  as  not  harmlesB. 
experimental  data  are  as  follows: 

Experimmtal  data  by  Chlopin. 
[1  gram— 126  Ing— 87.5  grains.] 


The 


Date. 

IKxw. 

Wdght. 

24  hours' 
urine. 

General  condition  of  aninnj  and  urine. 

1901. 
May    9 

10 

Onnu. 
2 

KOoi. 
8.0 

cc 
392 
400 
420 
360 
390 
293 
350 
390 
402 
350 

Dog  normal;  urine  acid:  no  albumen. 

TTrfne  of  nme  9hade;  tnngniflcant  tracen  of  albumen;  add. 

11 

Color  same;  no  albdmenT 

12 

2 

Do. 

13 

Do. 

14 

15 

Color  nonnalj  no  albumen. 

16 
17 

2 

&2 

Do. 
Urine  wine  yellow,  orange,  add;  no  albumen. 

18 

Dog  quite  well;  mine  orange;  no  albumen. 

Total. 

6 

G.  T.  84. 

Trade  names. — ^Resorcin  Yellow;  Tropseolin  O;  Tropseolin  R; 
Chiysoin;  Chiyseolin;  Yellow  T;  Gold  Yellow;  Acme  Yellow. 

Names  under  which  it  was  offered  on  the  United  States  marTcet  as  a 
food  color  in  I907.—Cbrysom  REZ;  Resorcin  0275. 

Scientific  name. — Sodium  salt  of  para-sulphobenzene-azo-resorcinol. 

Discovered. — 1875. 

Shade. — ^Reddish  yellow.    OflFered  by  2  out  of  12  sources. 
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FATORABLS. 

1.  Chlofik  (pp.  ISl-t)  examined  this  color  physiologically,  and  has  claaaified  it  i 
hannleflB.    The  experimental  data  are  as  followa: 

Experimenttd  data  by  Chlopin. 

No.  1  (p.  J«7). 
[1  gnuni-43  mgi-ao  gnlns.] 


Date. 

Dose. 

Welfilit. 

24  hoars' 
urine. 

General  oondltloa  of  animal  and  urine. 

1901. 
Apr.     9 
10 

Qmmt. 

Xidof. 
23.00 

ec, 
600 

Dog  q^ite  well;  urine  nonnal  color,  add;  no  albumen. 

»1.21 
«a70 
I2L0O 

11 

Urine  acid;  no  albumen. 

12 

No  symptoms  of  poisoning;  eats. 
Urine  dark  brown:  no  albumen. 

13 

460 
520 
580 

14 

Do. 

17 

Urine  nonnal  color;  no  albumen;  dog  la  welL 

Total.. 

13.21 
■a  70 

No.  2. 
[1  grami-156  mg— 100  grains.] 


1901. 
Got      9 

6.4 

30 
350 

Dog  well;  urine  yellow;  no  albumen. 
Do. 

10 

2 
2 

11 

Urine  brown,  acid;  no  albumen. 

12 

300 
335 
290 
290 
375 
300 

Urine  light  brown,'  acid;  no  albumen. 

13 

2 

Do.'' 

14 

Do 

15 

Do! 

16 

2 

Do. 

17 

Do. 

18 

2 

Do. 

19 

320 
360 
360 

Urine  light  brown,  acid,  no  albumen;  dlairfaea. 

20 

Brown  yellow,  add.  no  albumen  nodiaiihea. 
Urine  nonnal;  dog  is  well. 

21 

22-26 

7.0 

1)0. 

Total... 

10 

1  intenally.  *  Subcutaneously. 

2.  Permitted  by  the  law  of  Italy. 

UNFAYORABLB. 

1.  Forbidden  by  the  Confectioners-  List. 

DOUBTFUL. 

1.  WmooRADOW  (Zu,  Nakr,  Omusm.y  190S,  v.  6,  p.  589)  says  it  noticeably  retards 
digestive  action;  not  indifferent. 

G.  T.  85. 

Tradenames. — Orange  I;  Alphanaphthol  Orange;  Naphthol  Orange; 
TropsBolin  000;  Orange  B. 

Names  under  which  it  vxis  offered  on  the  United  States  market  as  a 
food  color  in  1907. — Orange  RZ;  Orange  027. 

Scientific  name. — Sodium  salt  of  para-sulphobenzene-azo-alpha- 
naphthoL 

Discovered. — 1876. 

Shade. — Orange.    Offered  by  2  out  of  12  sources. 
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FAVORABLE. 

1.  Pennitted  by  ConfectioneiB'  List. 

2.  Wbtl  {p.  31):  ''Accarding  to  Cazeneuve  and  Lupine's  experiments,  the  following 

are  not  poisonouB  to  human  beings  and  dpgs:    *    *    *    Orange    *    *    *." 

3.  "Orange  I  (Alpha-naphthol  Orange,  Tropseolin  000)  not  poisonous  to  dpgs  neither 

by  administration  by  stomach,  nor  by  injection  into  blood."  (On  authority  of 
Oizeneuve  and  Lupine.)    (p.  115.) 

4.  Wbtl  {pp.  Its,  148)  refers  to  this  as  not  poisonous. 

5.  Permitted  by  the  law  of  Italy. 

6.  Permitted  by  the  law  of  Austria. 

7.  Cazenbuvb  {Ardi.  gin.  de  mid.,  1886,  Vol.  I,  p.  753)  says  it  may  be  taken  without 

efifect  by  man  or  animals,  sick  or  well,  in  large  doses. 

8.  CAZBNBnvB  and  LipiNB  (BlUl.  de  Vacad.  de  mid.,  1886,  p.  643):  Tolerated  by  man, 

well  or  sick. 

G.  T.  86. 

Trade  Tumies. — Orange  II;  Betanaphthol  Orange;  Trop»olin  000 
No.  2;  Mandarin  G  extra;  Chrysaurein;  Gold  Orange;  Orange  extra; 
Atlas  Orange;  Orange  A. 

Names  under  which  it  vxis  offered  an  the  United  Stages  marJcet  as  a 
food  color  in  ifl07.— Naphthol  Yellow  SLOZ;  Orange  II;  Orange; 
Orange  Y;  Mandarin  O  extra;  Orange  A  1201;  Orange  A  extra. 

ScieTUific  name. — Sodium  salt  of  para-sulphobenzene-azo-beta- 
naphthol. 

Discof>ered. — 1876. 

Shade. — Orange.    Offered  by  8  out  of  12  sources. 

FAYORABLB. 

1.  Permitted  by  law  in  Italy. 

2.  Fbbntzel  (ZU.  Nahr.  Gentutm,,  1901,  v.  4,  p.  974)  says  that  according  to  his  experi- 

ments this  color,  in  the  small  amounts  in  which  it  is  used  in  food  products  and 
which  can  enter  the  human  system  in  the  course  of  24  hours,  can  hardly,  even 
with  frequent  administration,  cause  a  harmful  effect. 

3.  Fbbntzbl  (Zt$.  Nahr,  Genussm.,  1901,  v.  4,  pp.  968-974) :  Experimented  on  rabbits, 

giving  dye  with  food,  a  total  of  21  grams  in  19  days,  a  total  of  8,748  milUgiams 
per  kilogram  body  weight,  or  6,133  grains  per  100  pounds  body  weight,  in  doses 
of  1  gram  each,  daily  for  the  first  15  days,  or  about  417  milligrams  per  kilogram 
of  body  weight,  or  292  grains  per  100  pounds  body  weight  per  dose  for  these  15 
doses;  the  color  could  only  be  detected  in  the  urine,  and  the  feces  became 
softer.  A  dog  was  given  1,020  milligrams  per  kilogram  body  weight,  or  714 
grains  per  100  pounds  body  weight,  and  showed  distinct  kidney  irritation,  great 
thirst,  and  diarriiea;  recovery  required  about  one  week;  and  thereafter  the  same 
animal  was  fed  by  the  mouth  one-twentieth  of  the  above  dose  each  day  for  9 
successive  days  without  any  untoward  effect.  A  second  dog  received  per  kilo- 
gnon  of  body  weight  172  milligrams,  or  121  grains  per  100  pounds  body  weight, 
and  it,  like  the  first  dog,  in  the  first  experiment,  showed  kidney  irritation, 
diarrhea,  and  great  thirst.  On  humans  100  milligrams,  or  1^  grains,  colored 
the  urine  within  15  minutes,  and  this  color  remained  for  24  hours;  there  was  no 
81^  of  vomiting  or  diarrhea;  the  bitter  taste  of  the  color  was  notic^ble. 
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UNFAYORABLB. 

1.  Forbidden  by  Confectionen'  List. 

2.  Forbidden  by  Swiss  Analytical  chemists. 

3.  Weyl  (p.  115):  "Poisonous  Orange  II.    »    ♦    »." 

4.  "Betanaphthol  Orange  is,  therefore,  according  to  Experiment  I,  poisonous  in 

small  doses  when  administered  by  the  stomach,  and  suffices  to  kill  an  ordinarily 
laige  strong  dog."  (p.  ItS) 
6.  A.  WeyPs  own  experiments  on  two  dogs,  the  initial  dose  in  one  case  being  476 
milligrams  per  kilogram  body  weight,  or  333  grains  per  100  pounds  body  wei^^t; 
the  animal  receiving  in  the  course  of  20  days,  in  four  doses,  1,333  milligiams 
per  kilogram  body  weight,  or  933  grains  per  100  pounds  body  weight;  or  335 
milligrams  per  dose  per  kilogram  body  wei^t;  that  is,  225  grains  per  dose  per 
100  pounds  body  weight.  The  animal  died,  and  suffered  diairhea  and  albumi- 
nuria, and  its  urine  was  colored  red  throughout  the  entire  period.  B.  The 
second  dog  received  hypodermically  per  kilogram  body  weight,  116  milligrams, 
or  61  grains  per  100  poimds  body  weight;  its  urine  was  colored;  albuminuria, 
diarrhea,  loss  of  hair,  abscesses,  and  loss  of  weight  occurred.  It  required  36 
days  to  recover  from  four  doses  administered  during  one  week.  C.  A  rabbit 
received  1,333  milligrams  per  kilogram  body  weight,  or  933  grains  per  100 
pounds  body  weight,  and  died  within  12  hours,    (p.  lit) 

6.  "Of  the  23  Azo  colors  subjected  to  examination  only  two    «    «    *    Orange  II 

produce(8)  such  effects  when  administered  by  the  stomach  that  we  can  con- 
sider it  poisonous.  With  dogs  the  lethal  dose  is  less  than  1  gram  per  kilo  of 
the  body  weight  of  Orange  II    ♦    »    »."    {p.  147.) 

7.  "Further  Orange  II,  which  is  poisonous    *    *    *." 

8.  "The  poisonous  qualities  of  Orange  II." 

9.  "Further,  in  spite  of  the  presence  of  the  sulpho  groups,  colors  may  be  poisonous, 

as  is  shown  with  Orange  II."    (p.  148.) 

10.  Chlofin  (Zte.  Nahr.  Genuttm,,  1902,  v.  5,  p.  241):  A.  A  dog  received  349  milli- 

grams per  kilogram  body  weight,  or  244  grains  per  100  pounds  body  weight  for 
the  first  day  of  experiment,  which  dose  was  repeated  on  the  third  and  fourth 
days;  nothing  untoward  is  noted  for  the  first  three  days  in  the  condition  of  the 
dog;  the  urine  was  dark  red  but  free  from  albumen;  on  the  fifth  and  sixth  days 
two-thirds  of  the  above  amount  was  given,  and  on  the  seventh  and  eighth  days 
the  original  dose  was  given.  On  the  fourth  day  the  animal  was  frisky  and  had 
a  good  appetite  but  was  vomiting;  on  the  fifth  day  vomiting  stopped,  but 
diarrhea  ensued,  which  diarrhea  continued  for  one  week;  the  weight  remained 
practically  constant;  the  urine  was  colored  throughout  from  dark  red  to  orange 
red  and  dark  brown  and  became  normal  the  fourth  day  after  the  last  administra- 
tion .  B .  Humans:  Chlopin  took  200  milligrams,  or  3;^  grains,  in  a  gelatin  capsule 
at  3  p.  m.;  at  4.30  p.  m.  the  urine  was  colored  a  strong  red  orange;  at  6  p.  m. 
a  dryness  of  throat  and  bad  taste  in  mouth  appeared;  at  6.30  p.  m.  felt  very 
badly;  vertigo  and  unable  to  remain  seated  and  continue  writing;  blood  rushed 
to  head;  the  general  condition  very  poor;  somewhat  improved  by  moving 
about  in  open  air;  7.30  felt  so  poorly  took  Glauber's  salt  as  an  antidote;  11  p.  m. 
ill  condition  still  continuing;  urine  normal  yellow;  midnight  recovered. 
Chlopin  states  that  he  would  not  repeat  this  experiment  on  himself,  or  on 
.  any  other  human,  and  he  concludes  therefore  that  this  color  must  be  regarded 
as  harmful. 

11.  Chlopin  (p.  US)  classes  it  as  "  harmful."    The  experimental  data  are  as  follows: 
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Experimental  data  by  Chlopin, 
[1  gnun-116  mg— 81  grains.] 


DstB. 

Dose. 

Weight. 

24-boius' 

Qeoeral  condition  of  ftn<Tn<^i  and  mine. 

1901. 
May  27 
28 

OraiiM. 
3 

Kiloa. 
8.6 

cc. 
850 
340 
3.10 
360 

325 
330 
390 
315 
375 

Dog  is  quite  well;  urine  normal. 
Urine  brown  red,  acid;  no  albumen. 
Do. 

29 

3 
3 

2 
2 
3 
3 

30 

Diarrhea  and  vomiting  at  night,  no  albumen;  urine  orange  red, 

add,  no  albumen. 
Diarrhea  continues;  no  albumen;  no  vomlthie. 
Diarrhea  continues;  dog  lively,  eats  with  relisn;  no  albumen. 
Urine  brown  orange,  acid,  no  albumen;  diarrhea  continues. 
Urine  dear;  no  albumen:  diarrhea  continues. 
TJrine  dark  brown;  no  album^Ti;  diarrhea  def^rimseSx 

31 

lime    1 

2 

3 

4 

8.2 

6 

Diarrhea  still  less;  no  albumen. 

e 

8.69 

Diarrhea  very  slight;  urine  sllghtiy  orange,  no  albumen. 
Urine  normal  in  color  and  composition;  diarrhea  stopped. 

8 



8G0 

Total..; 

19 

12.  Buss  lists  it  as  poisonous. 

DOUBTFUL. 

1.  WiNoaRADOW  {Zis.  Nahr,  Oentteem.,  190S,  v.  6,  p.  689)  says  it  almost  completely 
inhibits  digestion. 

G.  T.  87. 

Trade  names, — Orange  HI;  Helianthin;  Tropaeolin  D;  Methyl 
Orange;  Dimethylanilin  Orange. 

Scientific  name. — Sodium  salt  of  para-sulphobenzene-azo-dimethy- 
lanilin. 

Disccvered. — 1876. 

Shade. — Orange  Yellow.     Not  offered. 

FAVORABLE. 

I.  Perooitted  by  the  law  of  Italy. 

UNFAVORABLE. 

1.  Ghlopin  (pp,  145,  146)  on  his  own  experiments  classes  it  as  poisonous.    The 
experimental  data  are  as  follows: 

Experimental  data  hy  Chlopin. 

No.l. 

[1  gram— 163  mg— 114  grains.] 


Date.         Doae.       Weight. 


24-hours' 
U'ine. 


Qeneral  condition  of  animal  and  urine. 


1901. 
Aug.    29 

» 
31 
Sept.  1 
2 
3 
4 
5 
6 
7 


Chttnu. 


Kilo*. 
ft.  14 


2  I. 


310 

250 
330 
305 
305 


2l. 
2  i. 
2  '. 


Littie. 
LlUIe. 
Littie. 


Total. 


10 


Before  experiment  dog  quite  normal;  color  urine  usual,  add, 
no  albumen. 
Do. 
Color  of  urine  darlc  yellow:  no  albumen. 
Urine  brown;  reddish  with  sulphuric  add;  no  albumen. 
Do. 
Do. 
Do. 
Do. 
Urine  dark  brown;  no  albumen;  vomiting. 
Paresis  of  hind  leipi:  dog  does  not  eat,  but  drinks  with  avidity. 
Complete  ataxia,  which  became  general  on  the  0th;  dog  can  not 
move  In  straight  line,  and  walks  In  circles,  and  drops  nis  head 
on  things  and  falls;  after  fiaUlng  arises  with  difficulty  and 
stands  with  widely  spread  feet,  continuouslv  lifting  now  one 
then  the  other;  extremities  shake;  on  11th  aay  sat  with  diffi- 
culty; placed  on  his  feet,  maintained  equilibrium  with  dif- 
flcnfty:  Involuntarily  lifts  one  paw  and  moves  it  about  in  the 
air;  animal  can  still  swaUow;  eyes  respond  to  light;  does  not 


temal  organs  except  hjrpersmia  m  the  lumbar  region  of  the 
"spinal  column  (t)  bordering  between  anterior  and  lateral 
oofumns,"  causing  death  by  paralysis  of  the  heart. 
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Experimental  data  by  Chlopin — Gontinued. 

No.  2. 

[1  grazn-140  ing-104.3  grains.] 


Date. 

Dose. 

Weight. 

24  hours' 
urine. 

Oeoeral  condition  of  animal  and  urine. 

1901. 
Dec.      3 

4 

Gramt. 
8 

EUm. 
6.7 

ec. 

"Little.* 
Little. 

A  few  hours  after  giving  color  dog  hi  tremors;  does  not  eat. 
Urine  black;  add;  noalbumen;  paralyslfl  of  the  extremittes. 
Dog  lies  hi  cage  in  Itill  paralysis;  died  before  dinner;  no  albu- 
men in  urine;  cause  of  death,  paralysis  of  heart. 

5 

2.  Meter  (/.  Ajner.  Chem,  Soc,  1907,  v.  29,  p.  900):  Dog  receiving  113  milligrams 
per  kilogram  body  weight;  thatiB,  79  grains  per  lOOpounds  body  weight.  Result, 
diarrhea,  which  continued  throughout  17  days,  although  only  3  doses  of  the 
same  size  were  given  in  6  days;  thereafter  the  dose  was  increased  geometrically; 
the  diarrhea  continued;  the  coloring  matter  was  discharged  in  the  urine  and 
the  feces;  there  was  no  abnormal  condition  revealed  by  the  autopsy. 

DOUBTFXTL. 

1.  WiNOGRADow  (Zte.  Nahr.  Genuum.,  190S,  v.  6,  p,  689)  says  it  noticeably  retards 
digestive  action;  is  not  indifferent. 

G.  T.  88. 

Trade  names. — Diphenylamin  Orange;  Orange  IV;  TropaBolin  00; 
Orange  M;  Fast  Yellow;  Orange  G  S;  New  Yellow;  Orange  N;  Acid 
YeUow  D. 

ScierUiJic  name, — Sodium  salt  of  para-sulphobenzene-azo-diphenyl- 
amin. 

Discovered. — 1876. 

Shade. — Orange  Yellow,    Not  offered. 


FAVORABLE. 


Diphenylamin  Orange    *    * 
nonpoisonous."    (p.  ISt.) 


1.  Wetl  (p.  115):  ''NonpoiBonous    *    * 

2.  *    *    *    Diphenylamin  Orange  is    * 

3.  ''For  instance,  the  poisonous  Metanil  Yellow  corresponds  to  the  nonpoisonous 

Diphenylamin  Orange."    (p.  14S.) 

4.  The  experiments  on  which  Weyl  based  the  conclusions  above  may  be  summarized 

as  follows:  A.  A  dog  received  183  milligrams  per  kilogram  body  weight,  or 
128  grains  per  100  pounds  body  weight.  The  urine  was  rendered  black,  and 
contained  traces  of  pheuol  and  abundant  albumen;  this  condition  lasted  for 
72  hours,  at  the  end  of  which  110  milligrams  per  kilogram  body  weight,  or 
77  grains  per  100  pounds  body  weight,  were  administered;  urine  became 
colorless  and  albumen  diminished.  Five  days  afterwards  a  total  of  10  grams, 
or  366  milligrams  per  kilogram  body  weight,  or  256  grains  per  100  pounds 
body  weight,  were  administered;  the  urine  became  abundant,  was  strongly 
black,  alkaline,  contained  albumen.  The  loss  of  weight  was  1  kilogram,  or 
about  3}  per  cent.  B.  A  dog  received  308  milligrams  per  kilogram,  or  216  grains 
per  100  pounds  body  weight,  as  the  initial  dose;  albuminuria  did  not  result 
until  Biter  repeated  dosing  same  as  initial  dose,  and  administered  for  2  weeks. 
6.  WeyPs  conclusions  are  as  follows:  "According  to  the  above  investigations, 
Diphenylamin  Orange  causes  albuminuria,  but  further  disturbances  did  not 
appear  during  the  several  we^'  observations  on  the  fuiimals  us^," 
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6.  Chlopim  {p.  148)  examined  this  color  and  classes  it  as  nonpoisonous.    The  ex- 
perimental data  are  as  follows: 

ExperiTnental  data  by  Chlopin. 

[1  gram"  145  mg"  100  grains.] 


Date. 

Dose. 

Weight 

24  hours' 
urine. 

General  condition  of  animal  and  urine. 

1901. 
Oct.  27 
28 

QramM. 
3 

KOos. 
7 

cc. 
300 

Dog  quite  normal;  urine  color  normal;  no  albumen. 
Urme  dark  brown;  acid;  no  albumen. 

29 

3 
3 
.     3 
3 
3 
3 

Do. 

30 

Do. 

31 

Do. 

Nov.    1 

Urine  yellow,  with  sulphuric  acid  red;  no  albumen. 

2 

340 

Orange  with  orange  sheen;  no  albumen. 

3 

6.6 

4 

275 
300 

Urine  brown  yellow;  add;  no  albumen. 

5 

3 

Do. 

6 

6.7 

Do. 

Total. 

24 

7.  Fraenkbl  {pp.  577,518)  to  the  same  effect  as  Weyl,  as  above. 

8.  Permitted  by  the  law  of  Italy. 

UNFAVORABLE. 

1.  Prohibited  by  Confectioners'  List. 

G.  T.  89. 

Trade  names, — ^Brilliant  Yellow  S;  Yellow  WE;  Curcumin. 

Names  under  which  it  vxis  offered  on  the  United  States  mxirTcet  as  a 
food  color  in  iS07.— Brilliant  Yellow  S. 

Scientific  name. — Sodium  salt  of  para-sulphobenzene-azo-diphenyl- 
amin-suphonic  acid. 

Shade. — Yellow.     Oflfered  by  1  out  of  12  sources. 

FAVORABLE. 

1.  LiEBER  (p.  136):  A  very  young  rabbit  received  six  doses  on  alternate  days,  each 
dose  amounting  to  320  milligrams  per  kilogram  of  body  weight,  or  224  grains  per 
100  pounds  of  body  weight.  No  untoward  symptoms  are  recorded;  the  body 
weight  increased  almost  10  per  cent  in  11  days. 


Nothing. 


UNFAVORABLE. 


G.  T.  92. 


Trade  names. — Azo  Acid  Yellow;  Azoflavin;  Azo  Yellow;  Indian 
Yellow. 

Scientific  name. — Mixture  of  nitrated  diphenylamin  yellow  with 
nitro-diphenylamin. 

Discovered.— 18S0. 

Shade. — Yellow.     Not  offered. 

97291'*— Bull.  147—12 7 
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FAVORABLE. 

1.  Ohlofin  (2>.  Its)  examined  this  color  and  classifies  it  as  nonpoisonous.    The  ex- 
perimental data  are  as  follows: 

Experimental  data  by  Chlopin. 

No.  1. 

[1  gram— 126  mg— 87.6  gntzis.] 


Date. 

Dose. 

Weight. 

34hoan' 
urine. 

Qeneral  condltloii  of  animal  and  oiine. 

1901. 
Apr.    6 

Onvu. 
2 

KOot. 
8 

ee. 

370 
Little. 

Doff  nonoal;  nftne  add;  no  albumen. 
Ui&e  reddish  orange;  add;  no  albumen. 
Do. 

10 

8 

11 

600 
430 

Urine  red:  no  albumen. 

12 

Urine  almost  normal  colon  acid:  no  albumen 

Total. 

6 

Conclusion:  Nonpoisonous. 


N0.2(p.i«9). 
[1  gram*- 143  mg««  100  grains.] 


Date. 

Dose. 

Wdght 

24  hours' 
urine. 

Qeneral  condition  of  animal  and  urine. 

1901. 
Apr.« 

Oramt. 
2 
8 

KOot. 
7 

ee. 
430 
010 
000 
400 

Dog  normal;  uiine  add;  no  albumen. 

16 

Urine  dark  yellow;  add;  no  albumen. 
Urine  almost  normal  color;  add;  no  albumen. 

16 

TotaL. 

6 

Conclusion:  Showed  no  harmful  effects. 
2.  Permitted  by  law  in  Italy. 

UNFATORABLE. 

Nothing. 

DOUBTFUL. 

1.  WmooRADOW  (ZtB,  Nahr,  Genusem.j  1903,  v,  6,  p.  689)  says  it  almost  completely 
inhibits  digestion;  noticeably  retards  digestive  action;  is  not  indifferent. 

G.  T.  93. 

Trade  name. — ^Azo-fuchsin  G. 

ScierUific  name, — Sodium  salt   of  para-sulphobenzene-azo-diozy- 
naphthalene-sulphonic  acid. 
Discovered. — 1889. 
Shade. — Reddish  brown.     Not  offered. 

FAYORABLB. 

1.  Chlopin  (pp.  126, 127)  examined  this  color  and  classifies  it  as  nonpoisonous.    The 
experimental  data  are  as  follows: 
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BxperimerUdl  data  by  CMopin, 

No.1. 
[1  gram— 117  mg—  82  grains.] 


Date. 

Dose. 

Weight. 

Mtaoon' 
artne. 

General  condition  of  antanal  and  mine. 

1901 
May    8 

Oramt. 
2 

X3tot. 
8.6 

ee. 
300 

863 
300 
380 

986 

430 
382 

Dog  wen  and  normal;  urine  add;  no  albomen. 
Uraie  fihooolate  brown;  acid;  no  albomen. 

2 

Do. 

2 

noalbomen. 
Urine sllghtlygieenldi;  sdd;  noalbomen. 
Dark  ohoiDolate  brown;  add;  no  albmnen. 

8.7 

Urine  ncnmal;  dogiswelL 

Total. 

6 

Ko.2. 
[1  gram— 125  mg—87.6  grains.] 


1001. 
Oct.     9 

8.0 

300 
310 

10 

3 
2 

11 

12 

380 
336 

13 

2 

14 

16 

3 
3 

306 

16 

17 

307 
326 
380 
246 
420 

18 

2 

10 

30 

21 

8.4 

Total. 

12 

Dog  qoite  normal;  ortne  add;  no  albomcn. 

Do. 
Urine  slightly  mora  yeDow;  no  albomcn. 
Urine  dark  brown;  add;  no  albomen. 

Do. 

Do. 

Do. 

Do. 

Do. 

Do. 
Urine  almost  black;  add;  no  albomen. 
Urine  almost  black;  add;  no  albomen;  oilne  of  lighter  color. 

Do. 


Nothuig. 


XTNFAVOBABLB. 


DOUBTFUL. 


1.  WiNOOBADOw  IZU,  Nahr.  Genu$im.,  190S,  v.  6,  p.  5^)  says  it  almost  completely 
inhibits  digestion. 

G.  T.  94. 

Trade  names. — ^Tartrazin;  Hydrazin  Yellow. 

Names  under  which  it  was  offered  on  the  United  States  market  as  a 
food  color  in  1907. — ^Flavazein  Red  Shade  Z;  Tartrazin;  Acid  Yel- 
low AT. 

Scientific  name. — Sodium  salt  of  benzene-azo-pyrazalon&-carbozy- 
disulphonic  acid. 

Discovered. — 1884. 

Shade. — ^Yellow.    Oflfered  by  6  out  of  12  sources. 

DOUBTFUL. 

1.  LiBBKB  (p.  1S4):  Dogf  2  months  old,  received,  per  kUo,  body  weight,  37  milli- 
grams, or  26  grains  per  100  pounds  body  weight,  six  times,  on  alternate  days. 
The  animal  suffered  from  mild  diarrhea  at  the  start,  which  continued  with 
greater  or  less  activity  than  at  the  start  throughout  the  test. 
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2.  Meyeb  (/.  Amer,  Chem.  Soc.j  1907,  v.  f9,  p,  897):  Dog  received  100  milligrams 
per  kilQgram  body  weight,  or  70  grains  per  100  pounds,  increased  in  geometric 
proportion  for  6  consecutive  days,  at  the  end  of  which  time  diarrhea  set  in. 
On  that  day  2,000  milligrams  per  kilogram  body  weight,  or  1,400  grains  per  100 
pounds  body  weight,  were  administered;  this  was  about  two-thirds  as  much  as 
the  animal  had  received  in  all  the  5  days  preceding;  the  feces  were  colored 
after  the  first  administration,  and  the  urine  was  also  colored;  albuminuria 
doubtful. 
3.  Fbabnkel  (pp,  210  and  216):  Tartrazin,  according  to  the  Green  Tables,  is  a 
derivative  of  isopyrazolon;  ***  *  *  only  those  substances  which  are  deri- 
vatives of  pyrazolbn  are  antipyretics,  the  isopyrazolon  derivatives  are,  how- 
ever, poisonous."  Tartrazin  is  also  closely  related  to  the  antipyrin  class  of 
compoimds,  which  class  is  known  to  possess  an  irritant  action  and  also  a  de- 
pressing action  on  the  circulation.  Tartrazin  also  contains  benzol  groups, 
which  are  said  to  increase  the  physiological  activity  of  pyrazolon  derivatives. 

G.  T.  95. 

Trade  names. — Metanil  Yellow;  Orange  MN;  Tropaeolin  G. 

Names  under  which  it  vxis  offered  on  the  United  States  marJcet  as  a 
food  color  in  1907, — ^Victoria  Yellow  cone.  Z;  Yellow  MXX  cone. 

Scientific  narne, — Sodium  salt  of  meta-sulphobenzene-azo  diphenyl- 
amin. 

Discovered. — 1879. 

Shade. — Orange.    Offered  by  2  out  of  12  sources. 

FAVORABLE. 

1.  Frektzel  {Zts.  Nahr,  Genussm.,  1901,  v.  4,  p.  974):  A.  A  rabbit  received  379 

milligrams  per  kilogram  body  weight,  or  265  grains  per  100  pounds  body  weight; 
no  color  administered  for  2  days,  and  then  administered  at  intermittent  periods, 
so  as  to  receive  6  doses  in  19  days.  Total  weight  administered  per  kilogram 
body  weight  2,085  milligrams,  or  1,460  grains  per  100  pounds,  which  is  equivalent 
to  77  grains  per  day  per  100  pounds;  the  color  could  always  be  detected  in  the 
urine,  and  the  feces  became  softer.  B.  A  dog  received  581  milligrams  per 
kilogram  body  weight  at  one  dose;  that  is,  407  grains  per  100  pounds  body  weight. 
There  was  no  vomiting  and  no  diarrhea;  the  dye  persisted  in  the  urine  for  72 
hours.  C.  The  same  dog,  after  recovering  from  the  foregoing,  received  daily 
one-tenth  the  above  dose  for  9  days;  the  dyes  tuff  was  found  in  the  urine  and  the 
feces  and  movements  were  normal;  dissection  showed  nothing  abnormal. 
D.  A  human  swallowed  100  milligrams,  or  1.5  grains;  no  untoward  symptoms 
are  recorded;  the  urine  remained  colored  for  24  hours.  From  the  foregoing 
Frentzel  concludes  that  this  coloring  matter  is  absolutely  harmless. 

2.  Chlopin  (Zts.  Nakr.  Genustm.,  1902,  v.  5,  p.  241):  A.  A  dog  received  305  milli- 

grams per  kilogram  body  weight;  that  is,  104  grains  per  100  poxmds  body  weight; 
no  color  administered  for  four  days;  the  same  dose  was  given  on  alternate  days 
six  times,  and  the  dose  was  increased  50  per  cent,  and  that  dose  administered 
twice,  and  the  original  dose  was  given  on  the  next  alternate  day;  altogether  the 
animal  received  per  kilogram  body  weight,  3,355  milligrams,  or  1,144  grains 
per  100  pounds  body  weight,  in  a  period  of  22  days,  or  an  average  of  153  milli- 
grams per  kilogram  body  weight  per  day,  or  52  grains  per  day  per  100  pounds 
body  weight.  At  the  end  of  the  twelfth  day  albuminuria  set  in,  and  it  required 
three  weeks  after  ceasing  the  administration  of  the  color  for  the  albuminuria 
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2.  CJhlopin  (Zt8.  Nahr.  GentLssm.,  1902 y  v.  5,  p.  241) — Continued. 

to  disappear;  the  urine  was  colored  throughout  the  period  of  dosing,  and  it  was 
not  until  10  days  after  the  last  color  had  been  administered  that  the  urine 
regained  normal  color;  otherwise  the  animal  was  well  throughout.  B.  Hu- 
mans: Two  hundred  milligrams,  or  3^  grains  taken  at  3  p.  m.,  October  30, 
1901,  colored  the  urine  so  highly  yellow  that  it  could  be  dyed  with.  Apart 
from  the  bitter  taste  of  the  product  no  untoward  symptoms  are  recorded.  C. 
Chlopin's  conclusion  {Zts,  Nahr.  Gtnussm,,  1902,  v,  5,  p.  244)'  **Metanil  Yellow 
is  not  poisonous  to  dogs  in  doses  of  from  2  to  3  grams  per  day,  nor  to  humans 
in  doses  of  0.2  grams  per  day,  and  may  therefore  perhaps  be  regarded  as  non- 
poisonous  from  a  practical  point  of  view." 

UNFAVORABLE. 

1.  Wbyl  (p.  lis):  'Poisonous    «    «    ♦    Metanil  YeUow." 

2.  Says  the  product  smelled  strongly  of  diphenylamin.    (p.  ISO,) 

3.  A.  ''Metanil  Yellow  must  be  considered  poisonous  when  administered  by  the 

stomach  from  the  indications  of  Experiments  1  and  2.  The  lethal  dose,  which 
is  determined  by  Experiment  2,  is  0.53  grams  per  kilo  body  weight.'*  This 
lethal  dose  is  371  grains  per  100  pounds  body  weight.  B.  A  dog  received  862 
-  milligrams  per  kilogram  body  weight,  or  603  grains  per  100  pounds  body  weight. 
This  caused  vomiting;  the  same  dose  was  repeated  24  hours  afterwu^,  the 
animal  again  vomiting.  The  animal  died  within  96  hours  from  the  first  admin- 
istration. C.  A  dog  received  89  milligrams  per  kilogram  body  weight,  or  62 
grains  per  100  pounds  body  weight;  the  urine  became  colored  about  96  hours 
after  administration;  5  days  after  the  first  administration  the  animal  was  given 
10  times  the  original  dose;  vomiting  set  in  within  one  hour;  in  24  hours  the 
urine  was  deeper  colored;  a  week  later  after  the  dose  last  preceding,  one-half 
of  that  dose  was  given,  and  the  animal  died  within  24  hours;  the  animal  had 
lost  during  this  period  approximately  one-quarter  its  original  weight,    (p.  1S2.) 

4.  *«*    *    *    Metanil  Yellow    *    ♦    ♦    produce[8]  such  effects  when  administered 

by  the  stomach  that  we  can  consider  them  [it]  poisonous.''    (p.  147,) 

5.  "The  poisonous  qualities  of      *    *    *    Metanil  Yellow;  the  poisonous  Metanil 

YeUow."    {p.  148,) 

6.  Fraenkel  (p.  SIS):  ''A  dog  weighing  11  kilograms  was  killed  by  20  grams  of 

this  coloring  matter  within  four  days,  whereas  the  isomeric  Diphenylamin 
Orange  is  nonpoisonous,  and  it  must  first  be  considered  if  the  poisonous  nature 
of  this  substance  can  be  explained  by  the  easy  liberation  of  diphenylamin 
from  it,  since  this  coloring  matter,  in  and  of  itself,  has  a  strong  odor  of  diphenyla- 
min.*' 

7.  Chlopin  (p.  141):  Based  on  his  own  exi)eriments  considers  it  "Not  quite  harm- 

less."   The  experimental  data  are  as  follows: 

Experimental  data  by  Chlopin. 
[1  gram  - 153  mg  - 107  graiDA.] 
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EzpmmerUal  data  hy  CAfopin— Continued. 


Date. 

Dose. 

Weight. 

24  hours' 
urine. 

Oeneral  oonditton  of  anhnal  and  urine. 

1901. 

Gmmt, 

Knot. 

ce. 
380 
SdO 
850 
355 
400 
340 
380 
400 
306 
890 
330 
835 

Uilne  darlr  brown,  no  albomen. 

Do. 

30 

2 

Do. 

31 

Do. 

Jane    1 

2 

2 

Do. . 

Do. 

8 

Do. 

Do. 

3 

Do. 

Do. 

2 

Do. 

»-29 

6.6 

Color  oforlne  normal  June  18,  on  29th  albumen  disappears.  Dog 
is  well. 

Total.. 

22 

8.  Chlopin  (p.  141):  On  authority  of  others  not  stated,  classes  this  color  as  harmful 

or  poisonous. 

9.  Prohibited  by  the  laws  of  Italy. 

10.  Prohibited  by  Confectioners'  List. 

11.  Phdiibited  by  the  Resolutions  of  the  Society  of  Swiss  Analytical  Chemists,  Sep- 

tember, 1891. 

12.  Buss  lists  it  as  poisonous. 

DOUBTFUL. 

1.  WiNOORADow  (Zts.  Nakr,  Qenusam,,  190S,  v.  6,  p.  689)  says  that  it  noticeably 
retards  digestion. 

G.  T.  97. 

Trade  rumies. — Orange  T;  Mandarin  G  R;  Orange  R;  Eermesin 
Orange. 

Name  under  which  it  vxia  offered  an  the  United  States  market  as  a 
food  color  in  1907. — Orange  2  R. 

ScieTiiiJic  name. — Sodium  salt  of  sulpho-ortho-toluene-azo-beta- 
naphthol. 

Shade. — Orange.    Offered  by  1  out  of  12  sources. 

FAYOlliLBLB. 

Nothing. 

UNFAVORABLE. 

1.  Chlopin  (p.  It5)i  Based  on  his  own  experiments  considen  this  color  as  ''harm- 
ful."   The  experimental  data  are  as  follows: 

No.i. 


Date. 

Dose. 

Wei^t. 

24  hours' 
mine. 

Oeneral  condition  of  anJmal  and  urine. 

1901. 
Apr.    4 

Oramt, 

i 

KU09, 

oc. 
810 
280 
420 
670 
870 
2S0 

830 

Nf^thlng  fthnonilAl. 

Urine  reddish  brown;  traces  of  albumen;  acid. 

6 

3 

Do. 

7 

Urine  dark  brown;  acid;  traces  of  albumen. 

8 

Color  of  urine  weaker;  no  albumen. 

0 

Almost  normal-colored  urine;  no  albumen;  dog  is  well  and 

lively. 
Nothing  abnormal. 

10 

Total.. 

4 
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No.  2. 
tl  gram  —  217  mg  — 152  grains.] 


108 


Date. 

Dooe. 

Wdi^t. 

24  horns' 
urine. 

General  condition  of  animal  and  urine. 

1908. 
Jan.  25 

26 

Onmt, 
2 

JTttof. 
i.6 

ce. 
200 

boon  after  giyins  color  heavy  Tomitlng  and  diairhea:  dog  does 

not  eat  or  diink  the  rest  of  the  day:  urine  acid;  no  albumen. 
Vomiting  and  diarriiea  continued;  dog  is  tired  and  run  down. 

27 

and  began  to  eat;  urine  dark  brown  and  no  albumen. 
Urine  same;  dog  livelier. 

28 
29 

2 
2 

4.3 

180 
200 

Diarrhea  and  vomiting  stopped;  urine  of  brown  color;  add;  no 

albumen. 
Urine  orange;  no  albumen;  acid. 

Total.. 

« 

G.  T.  102. 

Tradenames. — Fast  Red;  Roccellin;  Cerasin;  Rubidin;  Fast  Red 
A;  Rauradenne;  Qrcellin  No.  4. 

Scientific  name. — Sodium  salt  of  para-sulphonaphthalen&-azo-beta- 
oaphthol. 

Shade. — ^Brownish  red.    Not  offered. 

Discovered  amd  paterUed. — 1877. 

FAVOBABLB. 

1.  Permitted  by  the  law  of  Italy. 

2.  Permitted  by  the  law  of  Austria. 

8.  Gazeneuyb  (Arch,  gen,  de  mid.,  1886,  p,  753)  saya  it  may  be  taken  without  effect 

by  man  or  animals,  sick  or  well,  in  lai^ge  doses. 
4.  Gazsneuyb  and  L^ine  (Bull,  de  Vacad.  dt  mid.  1886,  p.  64S):  Tolerated  by  man 

well  or  sick. 

G.  T.  103. 

Ihide  nam£S. — ^Azonibin  S;  Carmoisin;  Azo  Acid  Rubin;  Fast  Red 
C;  Azorubin  A. 

Names  under  which  it  was  offered  on  the  United  States  marJcet  as  a 
food  color  in  1907. — Claret  Red  RZ;  Cardinal  3  B;  Azorubin;  Car- 
moisin B. 

Sdeniijic  nams. — Sodium  salt  of  para-sulphonaphthalene-azo- 
alpha-naphthol-para-sulphonic  acid. 

Discovered  and  patented. — 1883. 

Shade. — Red.    Offered  by  6  out  of  12  sources. 

FAVORABLE. 

1.  Permitted  by  ConfectionetB'  List. 

2.  Gazeneuyb  amd  Ufznb:  Not  poisonouB  to  human  beings. 

8.  Meter  ( /.  Amer.  Chem.  Soe.  1907,  v.  t9,  p.  898):  One  hundred  milligrams  per 
kilogram  body  weight,  or  70  grains  per  100  pounds  body  weight  administered, 
increased  geometrically;  diarrhea  was  marked  only  after  administration  of 
exceptionally  large  doses  (the  seventh  day);  the  stools  were  deep  violet  and 
the  urine  was  carmine,  becoming  dark;  the  autopsy  developed  nothing  abnor^ 
mal;  the  whole  interior  was  of  a  red  color. 
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4.  LiEBBR  (p,  1S8):  A  guinea  pig  received  once  a  day  six  timee  every  other  day 
241  milligrams  per  kilogram  body  weight,  or  169  grainB  per  100  pounds  body 
weight;  appetite  remained  good  throughout,  and  aside  from  an  occasional 
thirstinees  noted  no  untoward  observations  were  recorded. 

G.  T.  105. 

Trade  names. — Fast  Red  E;  Fast  Red. 

Names  under  which  it  was  offered  an  the  United  States  market  as  a 
food  color  in  iS07.— Qaret  Red  RZ. 

Sdentijic  name. — Sodium  salt  of  para-sulphonaphthalene-azo-beta- 
naphthol-monosulphonic  acid. 

Discovered  and  paiented. — 1878. 

Shade. — Red.     Offered  by  1  out  of  12  sources. 

FAVORABLE. 

1.  Permitted  by  Confectioners'  List. 

2.  Meter  (/.  Amer.  Chem.  Soc.  1907 y  v.  29,  p.  898):  Initial  doee  100  milligrams  per 

kilogram  body  weight  or  70  grains  per  100  pounds,  and  given  three  times 
increased  geometrically  once  before  diarrhea  was  observed;  there  was  no 
albumen  in  the  urine;  urine  was  colored  deep  red;  feces  colored  red  at  the 
start,  at  the  end  of  the  experiment  chocolate  brown;  autopsy  showed  all  parts 
to  be  substantially  normal. 

3.  Gazenbuvb  and  Lupine  (Compt.  rend.,  1885,  v.  101,  pp.  StS-St!):  A.  Dog: 

Weight  21.5  kilo,  received  as  follows: 


Days. 

Orams. 

Mlllimms 

Oralnsper 
100  pounds. 

32 
20 

8 
10 

5 

asoo 

2.150 
4.300 
fi.000 

laooo 

23.2 

loao 

2000 
232.0 
462.0 

ia2 
7a  0 
14a  0 

162.0 
324.0 

Nothing  abnormal  except  occasional  greenish  urine;  no  vomiting;  no  diarrhea. 
B.  Man:  1.  One  of  the  experimenters  took  1  gram,  dissolved  in  wine,  daily 
for  15  days;  no  effect.  2.  A  man  aged  25,  afflicted  with  albuminuria,  received 
the  following: 


Days. 

Orams. 

3  1         as 

2    !             1.0 
1    1             2.0 

Caused  colic  without  diarrhea;  amoimt  of  urine  or  albumen  not  affected.  3. 
Three  men  afflicted  with  Bright*s  disease  received  each  daily  for  8  days  1  gram; 
no  effect  on  the  albumen.  4.  A  30-year-old  man  chronic  invalid  took  4  grams 
one  day,  6  grams  the  next  day;  no  effect  was  observed. 
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4.  Abloino  and  Cazbnbuyb  (Archives  de  physiologies  1887 ^  pp,  356-S9S):  As  the 
result  of  this  work,  which  is  divided  into  four  parts:  (1)  Stating  the  effect  of 
direct  introduction  of  the  color  into  the  circulation;  (2)  intravenous  injections; 
(3)  comparing  the  effects  of  injections  of  color  and  of  salt;  and  (4)  feeding  by 
the  mouth — ^these  investigatoi8  conclude  that  these  coloring  matters  are  toxic 
only  in  extremely  laige  doses;  that  when  given  to  dogs  with  their  food  no 
inconvenience  of  any  kind  results;  this  is  based  upon  experiments  upon  three 
dogs,  covering  145  days,  where  each  dog  received,  per  kilogram  initial  body 
wei^t,  in  the  first  case,  20,307  milligrams,  or  14,215  grains  per  100  pounds 
initial  body  weight;  in  the  second  case,  29,590  milligrams,  or  20,713  grains 
per  100  pounds  initial  body  weight;  in  the  third  case,  28,154  milligrams,  or 
19,758  grains  per  100  pounds  initial  body  weight.  Per  day  this  would  mean  98 
grains  per  100  pounds  initial  body  weight  in  the  first  case;  in  the  second  case 
the  daily  dose  was  143  grains  per  100  pounds  initial  body  weight;  and  in  the 
third  case  the  daily  dose  was  137  grains  per  100  poimds  initial  body  weight. 

G.  T.  106. 

Trade  names. — New  Coccin;  Cochineal  Red  A;  Brilliant  Scarlet; 
Crocein  Scarlet  4  BX. 

Names  under  which  it  vxis  offered  on  the  United  States  mxvrlcet  as  a 
food  color  in  1907. — Claret  Red  RZ;  Crocein  Scarlet;  New  Coccin; 
Scarlet  L;  Brilliant  Scarlet  4  R. 

Scientific  nam^e, — Sodium  salt  of  paraHSulphonaphthalene-azo-beta- 
naphthol-disulphonic  acid  (G.). 

Discovered. — 1878.     Offered  by  6  out  of  12  sources. 

Shade.— ReA. 

FAVORABLB. 

1.  Cazbneuye  and  LAfinb.    (See  Weyl,  p.  115.) 

2.  Wetl  (p.  ^1):  "*    *    *    not  poisonous  to  human  beings  and  dogs,     «    ♦    ♦ 

Purple    ♦    *    ♦" 

3.  Cazbnbuyb  and  Lupine  {BvXl.  de  Vacad.  de  nUd.y  1886^  p.  643):  Tolerated  by  man, 

sick  or  well. 

UNFAVORABLE. 

1.  Prohibited  by  ConfectionerB'  List. 

G.  T.  107. 

Trade  names.— Fast  Red  D;  Azo  Acid  Rubin  2  B;  Fast  Red  E  B; 
Bordeaux  S;  Amaranth. 

Names  under  which  it  was  offered  on  the  United  States  market  as  a 
food  color  in  1907. — Claret  Red  RZ;  Red;  Amaranth  B  (Azo  color 
similar  to) ;  Bordeaux  S;  Naphthol  Red  S;  Amaranth. 

Sdendfie  name. — Sodium  salt  of  parar«ulphonaphthalen&-azo-beta- 
naphthol-disulphonic  acid  (R) . 

Discovered  and  patented. — 1878. 

Shade. — Red.    Offered  by  7  out  of  12  sources. 
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FAVORABLE. 

1.  Cajzbnbttyb  akd  L^pinb  (see  Weyl,  p.  115):  Not  poisonous  to  hunutn  beings. 

3.  Libber  (p.  148):  A  rabbit  received  284  milligrams  per  Idlograzn  body  weight,  or 

199  grains  per  100  poimds  once  a  day,  five  times  every  other  day,  and  aside  from 

decreased  appetite  the  second  and  third  day  of  the  observation  period  nothing 

untoward  is  noted. 
4  Wbyl  {p.  31):  "*    *    *    not  poisonous  to  human  beings  and  dogs,    *    *    ♦ 

Purple    ♦    ♦    ♦" 
5.  Oazenbuve  AMD  Ufinb  {Bull  de  Vacad.  de  mid.,  1886,  p.  648):  Tolerated  by  man, 

sick  or  well. 

G.  T.  138. 

Tradenames. — Fast  Brown  G;  Acid  Brown. 

SdenJtijic  name. — Sodium  salt  of  bi-sulphobenzene-disazo-alpha- 
naphthol. 

Discovered. — 1882. 

Shade. — ^Brown.    Not  offered. 

favorable. 

1.  Wbtl  (p,  184):  "The  following  i^  a  summary  of  the  results  obtained  with  the  Dis- 
azo  colon  submitted  to  test  by  me,  viz,  Fast  Brown  G  *  *  *.  All  these 
proved  to  be  nonpoisonous  *  *  *.''  A.  A  dog  weighing  9.63  kilos  received 
812  milligrams  per  kilogram  body  weight,  or  218  grains  per  100  pounds  body 
weight;  the  same  dose  was  repeated  48  hours  afterwards,  when  diarrhea  set  in, 
and  the  urine  was  colored  red;  24  hours  afterwards  208  milligrams  per  kilogram 
body  weight,  or  146  grains  per  100  pounds  body  weight  were  given;  the  urine 
was  colored  strongly  red  24  hours  thereafter.  Eight  days  afterwards  520  milli- 
grams per  kilogram  body  weight,  or  364  grains  per  100  pounds  body  weight,  were 
administered;  marked  diarrhea  set  in;  3  days  later  the  dose  given  was  twice  the 
dose  last  given,  when  severe  diarrhea  resulted,  but  unchanged  color  appeared  in 
the  urine,  and  continued  for  24  hours  afterwards ;  diarrhea  continued  for  96  hours. 
Evidences  of  albuminuria  apparently  not  dependable.  B.  A  second  dog, 
weighing  5.9  kilos,  received  339  milligrams  per  kilogram  body  weight,  or  237 
grains  per  100  pounds  body  weight  daily  throughout  an  entire  month;  diarrhea 
was  produced  after  6  days,  which  continued  almost  during  the  month;  appetite 
was  diminished  and  the  loss  in  weight  was  about  20  per  cent  on  the  original. 
C.  Weyl  concludes  as  follows:  '^ According  to  these  experiments,  this  color 
in  continuous,  though  slight,  doses,  or  in  large  doses,  but  less  frequently, 
Xnroduces  diarrhea,  anorexia,  and  emaciation.''    (p.  186,) 

unfavorable. 

1.  Prohibited  by  Confectioners'  List. 

2.  Wetl(p.  147):  ''Of  the  remaining  colors    «    «    «    others  (produce)  diarrhea 

(Fast  Brown    *    *    «)." 

G.  T.  160. 

Trade  nams. — Crocein  Scarlet  3  B;  Ponceau  4  RB. 
Sdenliijic  name. — Sodium  salt  of  sulphobenzene-azo-benzene-azo- 
beta-naphthol-monosulphonic  acid. 
Discovered  and  patented. — 1881. 
Shade. — Scarlet.    Not  offered. 
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FAyORA.BLB. 

Nothing. 

UNFAYORABLB. 

1.  Prohibited  by  Confectioiiera'  List. 

DOUBTFUL. 

1.  HouoBix>K  (/.  Amer,  Chem,  8oe.,  1907,  v.  t9,  pp,  1351-67):  Hindera  fibrin  digee- 
tion  at  all  streDgths;  at  1: 200  hindera  casein  and  albumen  digestion. 

G.  T.  163. 

Trade  nam^.^-Biebrich  Scarlet;  Ponceau  B;  New  Red  L;  Ponceau 
3  RB;  Fast  Ponceau  B;  Imperial  Scarlet. 

Scientifie  name. — Sodium  salt  of  sulphobenzene-azo-sulpho-ben- 
zene-azo-beta-naphthol. 

Discovered.— IS7S. 

Shade. — Scarlet.    Not  offered. 

FAYORABLB. 

1.  Pennitted  by  law  in  Italy.    (See  Lieber,  pp,  18,  tt,  tS.) 

UNFAYOBABLE. 

1.  Prohibited  by  Confectioners'  List. 

G.  T.  164. 

Trade  name. — Crocein  Scarlet  O  extra. 

Scientific  name. — Sodium    salt    of    sulphobenzene-azo-sulphoben- 
zene-azo-beta-naphthol-sulphonic  acid. 
Discovered.— 1S88. 
Shade. — Scarlet.    Not  offered. 

FAYORABLB. 

Nothing. 

UNFAYORABLB. 

1.  Prohibited  by  Ckmfectioners'  List. 

G.  T.  166. 

Trade  name.— Wool  Black. 

Scientific  rumie. — Sodiimi    salt   of   sulphobenzene-azo-sulphoben- 
zene-azo-para-tolyl-beta-naphthylamin. 
Diseiyoered.—l9&5. 
iSAckZe.— Black.    Not  offered. 

FAYORABLB. 

1.  Pernutted  by  Confectioners'  List. 

2.  Wbtl(p.  1S4)'.  "The  following  is  a  summary  of  the  results  obtained  with  the 

Disaxo  colors  submitted  to  test  by  me,  viz:  *    «    «    Wool  Black    «    *    «. 
All  these  proved  to  be  nonpoisonous   *    *    *." 
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3.  A.  A  dog  received  167  milligrams  per  kilogram  body  weight,  or  117  grains  per 
100  poimds  body  weight  each  day  for  3  successive  days;  no  color  was  admin- 
istered for  the  next  2  days,  and  Uie  thiixi  day  the  dose  was  double  the  former 
dose.  The  urine  was  colored  bluish-black  and  contained  albumen.  Two  days 
afterward  the  same  dose  was  given;  urine  of  intense  dark-blue  color,  and  con- 
tained unaltered  coloring  matter,  which  disappeared  in  48  hours.  Albuminuria 
continued  for  about  15  days.  (p.  1S7.)  B.  "Wool  Black  is  nonpoisonous  both 
by  gastric  and  by  subcutaneous  administration."    (p.  137.) 

G.  T.  169. 

Trade  names. — Crocein  Scarlet  7  B;  Ponceau  6  RB;  Crocein 
Scarlet  8  B. 

Names  under  which  it  vxis  offered  on  the  United  States  mxirTcet  as  a 
foodr-color  in  1907, — Sodium  salt  of  sulphotoluene-azo-toluene-azo- 
beta-naphthol-alpha-sulphonic  acid. 

Discovered  and  patented. — 1881. 

Shade. — Red.    Offered  by  1  out  of  12  sources. 

FAVORABLE. 

1.  Permitted  by  Confectioners'  List. 

G.  T.  188. 

Trade  names. — Naphthol  Black  B;  Brilliant  Black  B. 

Name  under  which  it  was  offered  on  the  United  States  market  as  a  food- 
color  in  iS07— Naphthol  Black  BDF. 

Scientific  name. — Sodium  salt  of  disulpho-beta-naphthalene-azo- 
alpha-naphthalene-azo-b^ta-naphthol-disulphonic  acid. 

Discovered  and  paiented. — 1885. 

Shade. — Black.    Offered  by  1  out  of  12  sources. 

FAVORABLE. 

1.  Permitted  by  Confectioners*  List. 

2.  Weyl  (p.  ISSy.  A.  A  dog  received  112  milligrams  per  kilogram  body  weight,  or 

78  grains  per  100  pounds  body  weight,  daily  for  3  successive  days;  distinct 
albuminuria,  uncolored  urine;  blue-colored  feces;  thereupon  the  daily  dose  was 
increased  to  187  milligrams  per  kilogram  body  weight,  that  is,  131  grains  per 
100  pounds.  No  color  was  administered  for  6  days,  and  during  this  time  the 
urine  was  colored  from  reddish- violet  to  a  bluish-black  red;  thereupon  the  last 
dose  was  doubled  and  24  hours  afterwards  that  dose  was  doubled;  rather  much 
albumen  in  urine  which  was  bluish;  albuminuria  continued  for  about  a  week. 
B.  A  dog  received  222  milligrams  per  kilogram  body  weight,  or  155  grains  per 
100  pounds  daily  throughout  a  whole  month;  it  remained  entirely  well  with 
good  appetite. 

3.  ''This  color  is  harmless  when  administered  by  the  stomach,  but  poisonous  sub* 

cutaneously/'    (p.  140.) 

4.  Schachbrl:  Not  harmful  under  conditions  in  which  it  is  used. 

UNFAVORABLE. 

1  Weyl  (p.  1S9):  Where  a  dog,  receiving  subcutaneously  31  milligrams  per  kilogram 
body  wei^t,  or  22  grains  per  100  pounds  body  weight,  subcutaneously,  died 
apparently  wholly  as  a  result  of  the  color. 
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2.  ''Naphthol  Black  P,  however,  is  plainly  poisonous  when  introduced  into  the  sub* 
cutaneous  cellular  tissue."    (p.  147.) 

G.  T.  197. 

Trade  names. — Bismarck  Brown;  Phenylene  Brown;  Leather 
Brown;  English  Brown;  Manchester  Brown;  Vesuvin;  Cinnamon 
Brown. 

Names  under  which  it  vxis  offered  on  (he  United  States  market  as  a 
food-color  in  1907. — ^Vesuvin4BConc.  Z;  Bismarck  Brown;  Bismarck 
Brown  B  No.  216;  Bismarck  Brown  B. 

Sdentijicnamre, — ^Hydroclilorid  of  benzene-disazo-phenylene-diamin, 

Discovered  and  patented, — 1863. 

Shade. — Reddish  brown.     Offered  by  4  out  of  12  sources. 

FAVORABLE. 

1.  Wbtl  (p.  115)'.  "Nonpoisonous  Bismarck  Brown.'* 

UNFAVORABLE. 

1.  Prohibited  by  Confectioners'  List. 

2.  Wbtl  (p.  117):  A.  A  dog  received  33  milligrams  per  kilogram  body  weight,  or 

23  grains  per  hundred  pounds  body  weight;  in  one  and  one-half  hours,  vomiting; 
next  day  same  dose  same  result  with  the  addition  that  the  animal  took  no  food 
and  moved  about  but  little  for  48  hours;  on  the  fourth  day  same  dose,  in  two 
hours,  vomitiDg;  for  96  hours  animal  took  no  food;  on  the  eighth  day  albumen 
in  the  urine  and  the  animal  ate;  on  the  ninth  day  83  milligrams  per  kilogram 
body  weight  or  58  grains  per  100  pounds  body  weight,  vomited  for  one-half  hour 
after  administration;  for  the  next  5  days  the  animal  took  hardly  any  food;  on 
the  fourteenth  day  the  animal  improved,  took  food  on  the  fifteenth  day;  traces  of 
albumen  in  urine  for  17  days  longer,  at  end  of  which  time  animal  recovered. 

B.  A  dog  received  169  milligrams  per  kilogram  body  weight,  or  118  grains  per 
100  pounds  body  weight;  in  24  hours  the  urine  was  colored  brown;  48  hours 
after  the  first  dose  that  dose  was  repeated,  and  imcon verted  color  was  found 
in  the  urine;  48  hours  later  the  same  dose  was  repeated;  the  color  in  the  urine 
disappeared  in  24  hours;  4  days  later  the  dose  was  trebled,  and  the  animal 
vomited,  seemed  sick  for  4  days  thereafter;  on  the  fifth  day  recovery  apparently 
complete .  On  the  sixth  day  the  last  dose  was  repeated,  and  the  animal  vomited 
after  the  administration.  It  took  no  food  for  24  hours,  and  was  normal  after 
48  hours.    There  was  no  albuminuria  in  this  case. 

0.  A  dog  received  daily  for  an  entire  month  45  milligrams  per  kilogram  body 
weight,  or  31}  grains  per  100  pounds  body  weight;  it  was  in  good  health  during 
the  entire  time,  did  not  vomit,  and  ate  as  usual.  Its  gain  in  weight  was  6} 
per  cent. 

3.  "Bismarck  Brown  produces,  when  administered  to  dogs  by  the  stomach,  even 

in  doses  of  350  milligrams  per  kilogram  body  weight  (245  grains  per  100  pounds 
body  weight),  vomiting  and  albimiinuria.  Further  disturbance  is  not  noted 
even  in  laige  doses;  small  doses,  45  milligrams  per  kil(^;ram  body  weight  (or 
31)  grains  per  100  i)ounds  body  weight),  even  when  frequently  administered 
seem  to  be  entirely  harmless.  Doses  of  16  milligrams  are  harmless  even  when 
introduced  into  the  subcutaneous  cellular  tissue.''    (p.  118.) 

4.  ''Of  the  remaining  colors  some  produce  vomiting  (e.  g.,  Bismarck  Brown 

*   *    *)."    (p.W.) 
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5.  Lbwik  (Lehrbuch  der  Toxikologie,  189^,  p.  tSl):  Froducee  eczema,  and  cites 

DevJttth  Med.  Wocheruchr.,  1891,  p.  45, 

6.  Fbabnkbl  (p.  575):  ''When  the  Aaso  dyeetufb  do  not  contain  any  Bulpho  group 

they  are  i)oi8onoii0.  Thus,  for  example,  Bismarck  Brown  *  *  *,  This 
produces  no  effect  in  small  doses;  on  the  other  hand,  doses  of  350  milligrams 
per  kilogram  of  animal  (245  grains  per  100  pounds)  produce  albuminuria  and 
vomiting." 

DOUBTFUL. 

1.  Houghton  (/.  Amer.  Chem,  Soe,,  1907 ,  v.  £9,  pp,  1SS1-1S57):  Hinders  digestion 
of  fibrin,  casein  and  albumen,  in  strengths  of  1:100  or  1:400. 

G.  T.  201. 

Trade  names. — Manchester  Brown  EE;  Bismarck  Brown  R; 
Vesuvin  B. 

Names  under  which  it  was  offered  on  the  United  States  m^arket  as  a 
food  color  in  1907. — ^Vesuvin  4  B  Cone.  Z;  Vesuvin  B. 

ScierUific  name. — Hydrochlorid  of  toluene-disazo-meta-tolylene- 
diamin. 

Discovered  and  paiented. — 1878. 

Shade. — Reddish  brown.    Offered  by  2  out  of  12  sources. 

UKFATOBABLE. 

1.  Lewin  (L^lmch  der  Toxieologie,  1897 ,  p,  tSl):  ''Ptoduces  eczema,''  and  cites 

Deut9(^,  Med.  Wocheruchr,,  1891,  p.  45. 
NoTB.— The  literature  is  not  always  conclusive  as  between  Nos.  197  and  201,  and 
probably  most,  if  not  all,  the  references  under  No.  197  also  apply  to  No.  201. 

G.  T.  240. 

Trade  name. — Congo  Red. 

Nam£  under  which  it  was  offered  on, (he  United  States  market  as  a 
food  color  in  1907. — Congo. 

Scientific  name. — Sodium  salt  of  diphenyl-disazo-binaphthionic 
acid. 

Discovered  and  patented. — 1884. 

Shade. — Red.    Offered  by  1  out  of  12  sources. 

FAVOBABLB. 

1.  Wbtl:  ''According  to  ExperimentB  1  and  2  Congo  Red  is,  after  long-continued 

administration  by  the  stomach,  harmless.'' 

2.  A.  A  dog  received  274  milligrams  per  kilogram  body  weight,  or  192  grains  per  100 

pounds;  thisdose  wasrepeated  next  day,  when  the  urinebecame  pale,  was  strongly 
alkaline  and  contained  albumen;  the  next  day  the  same  dose  was  repeated, 
whereupon  the  urine  was  of  a  weak  red  color,  and  a  little  albumen  present; 
the  next  day  the  dose  was  increased  to  411  milligrams  per  kilogram  body 
weight,  or  298  grains  per  100  pounds;  the  urine  was  somewhat  reddish  and  con- 
tained a  little  albumen.  No  color  was  given  for  6  days,  at  the  end  of  which 
time  the  urine  was  reddish,  and  deposited  a  reddish  sediment,  probably  Congo. 
At  the  end  of  that  time  the  dose  was  increased  to  685  milligrams  per  kilogram 
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2.  A.— Continued. 

body  weight,  or  480  grains  per  100  pounds  body  weight;  the  urine  was  feebly 
alkaline  and  contained  some  albumen.  The  next  day  the  dose  last  given  was 
doubled;  the  urine  was  colored  to  such  an  extent  that  it  could  be  dyed  with. 
Two  days  later  the  same  dose  was  repeated;  animal  took  but  little  food,  was 
otherwise  comfortable;  there  was  little  albumen  present.  The  loss  in  body 
weight  was  about  4)  per  cent,  (p,  141 .) 
B.  A  second  dog  received  233  milligrams  per  kilogram  body  weight,  or  163  grains 
per  100  pounds,  daily  for  one  month,  and  remained  entirely  well. 

G.  T.  269. 

Trade  name. — Chrysamin  R. 

Name  under  which  it  was  offered  on  (he  United  States  market  as  a 
food  color  in  1907. — Chrysamin  R. 

Scientific  name, — Sodium  salt  of  ditolyl-disazo-bisalicylic  acid. 

Discovered  and  patented. — 1884. 

Shade. — ^Yellow.    QflFered  by  1  out  of  12  sources. 

FAVORABLE. 

1.  Permitted  by  Confectioners'  List. 

2.  Wbtl  (p.  1S4):  ''The  following  is  a  summary  of  the  results  obtained  with  Disaso 

colors  submitted  to  test  by  me,  viz:  Chrysamin  R."  "All  of  these  proved 
to  be  nonpoisonous,    ♦♦♦.»» 

3.  A.  A  dog  received  515  milligrams  per  kilogram  body  weight,  or  361  grains  per 

100  pounds;  urine  became  alkaline  and  yellowish,  and  easily  dyed  cotton; 
very  little  albumen.  Within  24  hours  the  same  dose  was  repeated,  diarrhea 
resulting  and  vomiting  for  3  days,  whereupon  the  animal  was  given  one-fifth  of 
the  dose,  or  103  milligrams  per  kilogram  body  weight,  that  is,  72  grains  per  100 
I)ounds  body  weight;  the  urine  continued  slightly  colored,  and  contained  a 
distinct  amount  of  albumen,  continuing  for  2  days,  when  the  last  dose  was 
repeated;  24  hours  afterwards  the  dose  was  doubled,  and  repeated  the  next 
day;  the  day  after  the  dose  was  increased  50  per  cent;  3  days  later  the  last 
dose  was  repeated ;  slight  albuminuria  set  in,  lasting  5  days.  B .  A  dog  received 
three  doses  of  619  milligrams  each  per  kilogram  body  weight,  or  433  grains  per 
100  pounds  body  weight,  three  times  in  the  course  of  10  days;  the  urine  was 
yellowish  in  color  and  contained  very  little  albumen,    (p.  14S.) 

4.  "  Chrysamin  is  harmless  when  taken  into  the  stomach. ' '    (p.  147,) 

5.  ScHACHERL  (p.  104-5)  says  Chrysamin  is  harmless  imder  the  conditions  in  which 

it  is  used. 

UNFAVORABLE. 

1.  Wbtl  (p.  147):  "Of  the  remaining  colors  some  produced  vomiting    *    *    * 
othere  diarrhea  («    ♦    ♦    Chrysamin  R   ♦    ♦    ♦.") 

G.  T.  277. 

Trade  names. — ^Benzopurpurin  4  B;  C!otton    Red    4    B;  Sultan 
Red4B. 
Scientific  nams. — Sodium  salt  of  ditolyl-diBazo-binaphthionic  acid. 
Discovered. — 1884-85. 
Shade. — ^Red.    Not  offered. 
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Nothing. 


FAVORABLE. 


UNFAVORABLE. 


1.  Chlopin  (p.  ISO):  On  his  own  experiments  classes  it  as  suspicious.    The  experi- 
mental data  are  as  follows: 

Experimental  data  by  Chlopin, 
[1  gr&mi-125  mgi-87.5  grains.] 


Date. 

Dose. 

Wdgbt. 

24-hour 
urine. 

General  condition  of  animal  and  urine. 

1901. 
Apr.  16 
17 

Groin*. 
2 

Kilos. 
8 

oc. 
300 
330 
450 
470 
370 
320 
310 
370 
310 

Dog  is  well,  lively;  orine  normal  color;  add;  no  albumen. 

18 

8 

Vomiting  several  times;  no  albumen. 

Urine  yeUow-orange;  no  albumen;  no  vomiting. 

19 

20 

Do. 

21 

2 

Do. 

22 

Do. 

23 

Urine  normal;  dog  is  well. 

24 

Da 

Total. 

7 

DOUBTFUL. 

1.  Winogradow  (Zts.  Nahr.  Genussm,  190S,  v,  6,  p.  689)  says  it  almost  completely 
inhibits  digestion. 

G.  T.  287. 

Trade  name. — ^Azo  Blue. 

Name  under  which  it  vxis  offered  on  the  United  States  market  as  a  food 
color  in  1907. — Azo  Blue. 

Scientific  name. — Sodium  salt  of  ditolyl-disazo-bi-alpha-naphthol- 
para-sulphonic  acid. 

Discovered. — 1 886. 

Shade. — Grayish  violet.    Offered  by  1  out  of  12  sources. 

FAVORABLE. 

1.  Permitted  by  Confectioners*  List. 

2.  Wbyl  {p.  1S4) :  The  following  is  a  summary  of  the  results  obtained  with  the  Disazo 

colors  submitted  to  test  by  me,  viz:  *  *  *  Azo-blue,  ♦  ♦  *  ."  "All 
these  proved  to  be  nonpoisonous." 

3.  "Azo-blue  ib  harmless,  both  when  administered  by  the  stomach  and  subcuta- 

neously."  A.  A  dog  received  237  milligrams  per  kilogram  body  weight,  or  166 
grains  per  100  pounds;  2  days  later  this  same  dose  was  repeated,  and  the  urine 
was  a  violet  color  strongly  alkaline  and  contained  a  little  albumen.  The  next 
day  the  dose  was  increased  to  2.5  times;  colorless  urine,  and  little  albiunen; 
there  was  no  phenol.  The  next  day  4  timeo  the  original  dose  was  administered ; 
abundant  bluish-violet  urine  and  little  albumen.  No  administration  for  4 
days,  when  2.5  times  the  original  dose  were  given,  and  that  dose  repeated  3  days 
later;  during  this  time  the  urine  was  colorless  and  contained  little  albumen; 
there  was  a  very  slight  increase  in  weight.  B.  A  dog  received  319  milligiams 
X)er  kilogram  body  weight,  or  233  grains  per  100  pounds  daily  for  one  month; 
animal  remained  well  with  good  appetite;  a  slight  amount  of  albumen  made 
its  appearance  in  the  urine,    (p.  144.) 
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UNFAVORABLE. 

1.  Wetl  (p.  144):  "A  slight  amount  of  albumen  made  its  appearance  in  the  urine/' 

G.  T.  394. 

Tmde  names. — ^Dinitrosoresorcin;  Dark   Green;   Russian   Green; 
Alsace  Green;  Fast  Green  O;  Chlorin;  Fast  Myrtle  Green. 
ScieTiHfic  Tiame. — ^Dinitroso-resorcinol  (Dioximidoquinone). 
Discovered  and  paienUd. — 1875. 
Shade. — Green.    Not  offered. 

FAYORABLB. 

1.  Pennitted  by  Confectioners'  List. 

2.  Wetl  (p.  6S):  '^According  to  the  above  exx)eriment8  Dinitroso-resorcinol  is  not 

dangerous  to  dogs  when  administered  by  the  stomach  even  in  large  doses; 
while  hypodermic  administration  proves  &ital  within  24  hours,  in  the  proportion 
of  190  milligrams  per  kilogram  of  body  weight''  (that  is,  132  grains  per  100 
pounds). 

3.  A.  A  dog  received  173  milligrams  per  kilogram  body  weight,  or  121  grains  per  100 

pounds;  scanty  dark-brown  urine;  the  next  day  the  same  dose  was  repeated  and 
uiine  continued  dark  brown,  and  contained  trace  of  albumen  as  well  as  distinct 
reaction  for  iron;  the  next  day  the  dose  was  repeated;  animal  remained  lively; 
the  day  after  that  the  dose  was  increased  50  per  cent;  no  albtunen.  The  loss  in 
body  weight  was  only  4  per  cent.  B.  A  dpg  received  198  milligrams  per  kilo- 
gram body  weight,  or  139  grains  per  100  pounds;  seems  to  have  been  loss  of 
appetite,  coupled  with  dark-brown,  almost  black  urine;  2  days  later  the  dose  was 
doubled,  and  the  urine  was  colored  green  by  ferrous  oxid,  and  contained  no 
albumen  nor  sugar;  2  days  later  the  dose  was  increased  60  per  cent,  and  some 
albumen  was  then  found  in  the  urine.    (j>.6i.) 

G.  T.  398. 

Trade  name. — Naphthol  Green  B. 

Names  under  which  it  vxls  offered  on  the  United  States  market  as  a 
food  color  in  1907. — ^Naphthol  Green;  Naphthol  Green  B. 

Scientific  nmne. — ^Ferrous  sodium  salt  of  nitroso-betanaphthol- 
betn-monosulphonic  acid. 

i>w«wererf.— 1883. 

Shade. — Green.    Offered  by  2  out  of  12  sources. 

FAVOBABLE. 

1.  Wbtl  {p.S4)\  A.  A  dog  received  172  milligrams  per  kilogram  body  weight,  ox  120 
grains  per  100  pounds  body-weight;  the  urine  was  greenish,  and  conjunctiva 
stained  intensely  green;  dose  was  repeated  3  successive  days,  and  the  next  day 
the  dose  was  increased  to  fivefold;  appetite  undisturbed,  and  animal  remained 
lively.  B.  A  dog  received  417  milligrams  per  kilogram  body  weight,  or  292 
grains  per  100  pounds;  there  was  a  dirty  yellowish-green  color  to  the  urine;  no 
albumen,  and  not  more  than  traces  of  iron.  The  animal  was  normal  within  a 
day,  and  two  dasrs  after  the  same  dose  was  repeated;  no  change  in  animal  was 
recorded,  except  that  on  the  day  following  the  feces  were  normal,  but  colored 
green. 

«7291«— Bull.  147—12 8 
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2.  Wbtl  (p.  65):  **  Experiments  1  and  2,  in  which  2  to  5  grams  of  the  color  were  intro- 

duced directly  into  the  stomach,  demonstrated  its  harmleasnees  in  this  method 
of  administration." 

3.  Buss  lists  it  as  nonpoisonous. 

UKFAVORABLE. 

1.  Prohibited  by  Confectioners'  List. 

2.  Wbyl  (p.  65):  ''On  the  other  hand,  in  a  hypodermic  administration,  in  two  out  of 

three  cases  abscesses  and  septic  fever  were  induced." 

G.  T.  399. 

Trade  names. — Sun  Yellow;  Curcumin  S;  Jaune  SoleU;  Maize. 
Scientific  name. — Sodium  salt  of  the  so-called  Azoxy-stilbene-disul- 
phonic  acid. 

Discovered.— 18S3. 

Shade. — Yellow.     Not  offered. 

FAVORABLE. 

1.  Meter  (/.  Amer.  Chem.  Soc.,  1907 ^  v.  29,  p.  897):  A  dog  received  100  milligrams 
per  kil<^;ram  body  weight,  or  70  grains  per  100  pounds,  increased  geometrically 
through  the  fourth  day,  when  diarrhea  set  in;  up  to  this  time  the  animal  had 
been  given  19.27  grams,  or  1,465  milligrams  per  kilogram  body  weight,  equiv- 
alent to  1,026  grains  per  100  pounds  body  weight;  the  average  dose  per  day 
would  have  been  366  milligrams  per  kilogram  body  weight,  or  256  grains  per 
100  pounds;  the  animal  was  given  its  fifth  portion  of  coloring  matter  the  same 
size  as  the  fourth,  thereupon  color  was  omitted,  and  for  the  following  7  days  the 
dosage  of  the  third  day,  which  amounted  to  400  milligrams  per  kilogram  body 
weight,  or  280  grains  per  100  pounds  body  weight,  was  given;  the  urine  was  col- 
ored orange  throughout  the  entire  test  after  the  first  day;  the  fecal  matter  also 
was  of  orange  color;  slight  diarrhea  on  the  fourth  and  twelfth  days  of  the  test, 
and  vomiting  on  the  fifth  day,  the  cause  of  which  does  not  seem  to  have  been 
definitely  determined;  the  autopsy  revealed  nothing  abnormal. 

G.  T.  425. 

Trade  names. — ^Auramin;  Auramin  O;  Pyoctanin  Aureum. 

Names  under  which  it  was  offered  on  the  United  States  marJcet  as  a 
food  color  in  1907. — ^Auramin  O;  Auramin;  Canary  Yellow. 

Scieniif4i  name. — Hydrochlorid  of  imido-tetramethyl-diamido- 
diphenyhnethane. 

Discovered.— \%8Z. 

Shade. — Greenish  yellow.    Offered  by  3  out  of  12  sources. 


Nothing. 


FAVORABLE. 


UNFAVORABLE. 


1.  Chlopin  (p.  157):  On  his  own  experiments  classes  it  as  poisonous.    The  exi)eri- 
mental  data  are  as  follows: 
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Experimental  data  by  Chlopin. 
[1  gram— 60  mg— 48  grains.] 
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Date. 

Dose. 

Wdgjit 

244urars' 
nrioe. 

1901. 
Mar.  3-1 

6 

1.0 

Kao$. 
14.4 

ce, 
660 
340 

Dog  quite  normal;  add:  no  albmnen. 

Uruie  strong  brown  yellow;  traces  of  albmnen;  appetite  less. 

7 

Thin  stool. " 

8 

Diarrhea;  urine  brown  yellow,  pales  with  solphoilo  add,  and 

9 

contains  much  albumen. 
Stool  normal;  col<Mr  of  urine  weaker;  much  albumen;  eats  well; 

10 

lively. 
Stool  nOTmal;  urine  less  colored;  less  albumen. 

11 

336 

Stool  normal;  urine  less  colored:  traces  of  albumen. 

12 

Stool  normal;  urine  less  colored;  insignificant  traces  of  albumen. 

13 

Do. 

14 

2.0 

13.2 

Do. 

15 

Dog^pressed;  lies  down;  eats  UtUe. 

Vomits  and  diarrhea;  urine  strong  yellow;  little  albumen; 

16 

None. 
205 

480 

17 

10 

takes  only  milk.                           -  -         .                         - 
Vomits  and  diarrhea;  urine  strong  jrellow;  much  albumOL 

20 

Feces  normal  color,  color  urine  almost  normal;  much  albumen. 

21 

352 
380 

24 

»0.4 

13.6 

Do. 

1  Subcutaneously. 
DOUBTFUL. 

1.  WiNOORADOw  {Zts.  Nahr,  Oenussm.y  1903,  v,  6,  p.  689)  says  it  noticeably  retards 
digestive  action;  is  not  indifferent. 

G.  T.  427. 

Trade  names. — ^Malachite  Green;  New  Green;  Fast  Green;  Benzal 
Green;  Diamond  Green  B;  Malachite  Green  B;  New  Victoria  Green; 
Vert  Diamant;  Bitter-almond-oil  Green. 

Names  under  which  it  was  offered  on  the  United  States  marTcet  as  a 
food  color  in  1907. — Green  M;  New  Green  Crystals;  Green  088. 

Sdentijic  nam£, — Zinc  double-chlorid,  oxalate,  ferric  double-chlorid 
of  tetramethyldi-para-amido-triphenyl-carbinol. 

Discovered.— 1S77-7S. 

Shade. — Bluish  green.     Offered  by  2  out  of  12  sources. 

FAVORABLE. 

1.  Permitted  by  Confectioners*  List. 

2.  Wbyl  (p.  t4Y  "According  to  Grandhomme    ♦    ♦    ♦    Malachite  Green  are  (is) 

also  nonpoisonous." 

3.  "  *    *    *    Malachite  Green  are  (is)  as  is  now  established,  almost  without  poison- 

ous action . "    {p.  55.) 

4.  Lb  WIN  {Lehrbuch  der  Toxxkologie,  1897,  p.  tSl)  says  when  free  from  arsenic  it  is 

harmless. 

5.  Buss  lists  it  as  nonpoisonous. 

unfavorable. 

1.  Pbnzoldt  {Archiv.  exper.  path,  pharm.y  1890,  v.  tS,  p.  Sit):  One  hundred  milli* 
grams  per  kilogram  body  wei^t  of  rabbit,  or  70  gndns  per  100  pounds,  injected 
subcutaneously,  caused  after  the  third  day  motor  paralysis  and  occasional 
cramps,  ^diich  resulted  fatally  at  the  end  of  the  ninth  day. 
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2.  Lewin  {Lehrbuch  der  Toodkologie^  1897 y  p.  tSl):  In  the  caae  of  one  workman,  in 
contrast  with  others  who  had  long  been  unaffected  by  this  substance,  itching, 
biiming,  inflammation,  and  swelling  of  hands  and  feet,  and  formation  of  blisteiB 
occurred. 

G.  T.  428. 

Trade  names. — ^Brilliant  Green;  New  Victoria  Green;  Emerald 
Green;  Malachite  Green  B;  Ethyl  Green;  Fast  Green  J. 

Names  under  which  it  v?as  offered  an  the  United  States  mariet  as  a 
food  color  in  1907. — Green  E;  Green  087;  Emerald  Green  Crystak. 

Scientific  name. — Sulphate  of  zinc-double-chlorid  (rarely  oxalate) 
of  tetraethyl-diamido-triphenyl-carbinol. 

Z?i««w«red.— 1879-80. 

Shade. — ^Yellowish  green.    Offered  by  3  out  of  12  sources. 

FAVORABLE. 

1.  Lswm  (Lehrbucti  der  Toxikologie,  ISO?,  p,  tSl)  says  when  free  from  aisenic  it  is 

harmless. 

2.  Buss  lists  it  as  nonpoisonous. 

UNFAYOSABLB. 

1.  Chlofin  {pp.  171-ty,  Classifiee  it  as  "very  poisonous"  on  his  own  experiments 
(see  p.  181).    The  experimental  data  are  as  follows: 

ExpentMnUil  data  by  CMopin. 

No.i. 

[1  gnm— 125  mg-87.5  grains.] 


Date. 

Dose. 

Weight. 

24honra* 
urine. 

General  oondition  of  animal  and  urine. 

1901. 
Apr.     24 
25 

Oram*. 

KOot, 

8 

oc. 
410 

Before  experiment  dog  Is  well;  urine  nonnaL 

2 

Soon  after  idving  dye  vomltinc  and  dlairhaa;  In  the  evening 

only  drank  water;  vomiting  kept  up. 
No  vomiting;  urine  greenliii;  add;  inrignifloant   traoes   of 

26 

895 

27 

albumen. 
Do. 

28 

2 

400 

29 

Do. 

30 

895 

Do. 

M.r     1 

Urine  normal;  dog  quite  well. 

Do. 

3 

895 

Do. 

Total.... 

4 

No.  2. 
(1  gram— 111  mg-TB  grains.) 


1902. 
Jan.      21 

28-24 
25 
20 

Total.... 


7.2 


400 


Before  experiment  dog  quite  normal;  urine  normal;  after  giv- 
ing dye  verv  violent  vomiting  several  times. 
Urine  greenish  in  color;  acid;  very  much  albumen;  no  vomltiniL 

Do. 
Died  during  the  night 
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Experimental  data  by  Chlopin — Continned. 

No.  3. 

[1  gram— 119  mg^83  grains.] 
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Dttte. 

Dose. 

Weight 

24  hours' 
urine. 

General  oondition  of  animal  and  urine. 

19Q2. 
la.       28 

28 

Granu. 
8 

2 

KUoi. 
&4 

'370 

Before  experiment  dog  and  urine  normal ;  soon  after  giving  dye 

vomiting  began,  lasting  over  an  hour;  dog  stands  with 

difficulty. 
During  night  dog  Improved  somewhat,  began  to  eat;  drinks 

much;  soon  after  giving  dye  vomiting. 
During  night  vomiting  and  diarrhea;  during  night  30th,  31st, 

In  bad  oondition;  does  not  take  food. 
During  night  31st  second  dog  found  dead  In  cage.   Cause  of 

deato,  "paralysis  of  the  heart '» 

30 

31 

Total.... 

5 

2.  Lewin  (Lehrbuch  der  Toxikologie,  1897 j  p.  $31):  In  the  case  of  one  workman,  in 
contrast  with  others  who  had  long  been  unaffected  by  this  substance,  itching, 
burning,  inflammation  and  swelling  of  hands  and  feet,  and  formation  of  blisters 
occuired. 

G.  T.  433. 

Trade  name. — Gtiinea  Green.   . 

Name  under  which  it  was  offered  on  the  United  States  rrvarlcet  as  a 
food  color  in  1907. — Gkiinea  Green  B. 

Scientific  name, — Sodium  salt  of  diethyldibenzyl-diamido-tri- 
phenyl-carbinol-disulphonic  acid. 

Z>MC(n?tfre<Z.— 1883. 

Shade. — Green.    Offered  by  1  out  of  12  sources. 

FAVORABLB. 

1.  Chlofin  {j>.  174)i  On  his  own  experiments  classified  it  as  '^nonpolBonous.''  The 
ezpoimental  data  are  as  follows: 

EzpenmenUxl  data  by  Cftlopin. 
[1  gram— 200  mg— 140  grains.] 


Date. 

Dose. 

Weight 

24  hours' 
urine. 

General  oondition  of  animal  and  urine. 

IMI. 
M^y  18 

19 

Grumt. 
2 

Slot. 
5 

oc. 
250 
235 
280 
290 
270 
270 
260 
240 
290 
240 

Dog  and  urine  normal  before  experiment 

TTrine  ffiifff^tly  frr^nish.  no  AihiimAn;  vAmited  at  nlidit 

20 

No  vomiting. 

Urine  slightly  greenish;  no  albumen. 

trr)iw«  normal  In  oolor  and  oomposltiouT 

21 

22 

23 

Do. 

24 

2 

Do. 

25 

Do. 

26 

2 

Do. 

27 

Do. 

28 

2 

Do. 

20 

243 
233 
230 

Do. 

30 

2 

Do. 

31 

Do. 

TottH. 

10 

G.  T.  434. 

Trade  nam£S. — ^light  Green  SF  bluish;  Acid  Green. 
Seientifie   name. — Sodium   salt   of   dimethyldibenzyl-diamido-tri* 
phenyl-carbinol-trisulphonic  acid. 
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Discovered. — 1879. 

Shode, — Green.    Offered  by  1  out  of  12  sources. 


Nothing. 


FAVORABLE. 


UNFAVORABLE. 


1.  Chlopin  (pp.  17e-7):  Examined  this  color,  and  on  his  own  experimentB  claaseB 
it  as  ''nonpoifionous,  but  not  entirely  indifferent.''  The  experimental  data 
are  as  follows: 

Experimental  data  by  Chlopin. 

No.  1. 
[1  gram— 133  mg— 93  giBlns.] 


Date. 

Dose. 

Weight. 

2^  hoars' 
urine. 

General  condition  of  animal  and  urine. 

1903. 
Apr.  84 

Qfumt. 
2 

Kilot. 
7.6 

ec. 
380 

Dog  and  urine  nonnal. 

Urine  green;  acid;  no  albumen. 

26 

347 
297 

Urine  green;  traces  of  albumen. 

27 

DoT 

28 

3 

Do. 

20 

Urine  creen;  no  albumen. 
Urine  leas  green;  no  albumen. 

80 

300 

31 

Do. 

May  1-3 

Do. 

870 

Do. 

Total. 

4 

No.  2. 
[1  gram— 110  mg— 77  grains.] 


1903. 
Aug.    5 

3 

9.1 

300 
310 

Dog  and  urine  normal. 

Urine  greenish,  acid,  no  albumen. 

7 

3 
3 
3 
3 

Do. 

8 

320 
350 

Do. 

9 

Do. 

10 

Do. 

11 

400 
350 

Do. 

12 

9 

Do. 

Total. 

16 

DOUBTFUL. 

1.  WmooRADOw  (Zto.  Nahr.  Genussm,  1903,  v.  6,  p.  589)  says  it  noticeably  retards 
digestive  action;  is  not  indifferent. 

G.  T.  435. 

Trade  names. — Light  Green  SF  yellowish;  Acid  Green;  Acid  Green 
extra  cone. 

Names  under  which  it  was  offered  on  the  United  States  market  as  a 
food  color  in  1907. — Acid  Green  cone.  V  N;  Light  Green  SF  yellow 
shade;  Acid  Green  cone.  780 ;  Pistachio. 
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Scientific    name. — Sodium    salt    of    diethyldibenzyl-diamido-tri- 
phenyl-carbinol-trisulphonic  acid. 
Discovered. — 1879. 
Shade, — Green.    Oflfered  by  4  out  of  12  sources. 

FAVORABLB. 

1.  LiBBBR  (p.  144):  The  animal  was  a  fully  developed  male  guinea  pig,  and  received 
per  kilogram  body  weight  240  milligrams,  or  168  grains  per  100  pounds,  five 
times  in  all,  every  other  day.  There  was  apparently  nothing  irregular  or  ab- 
normal observed  during  the  whole  test  of  nine  days. 

G.  T.  448. 

Tradenames. — ^Magenta;  Fuchsin;  Rosein;  AnilinRed. 

Obsolete  names. — ^Rubin;  Solferino;  Fuchsiacin;  Rubianite;  Azalein; 
Erythrobenzin;  Harmalin. 

Names  under  which  it  was  offered  on  the  United  States  market  as  a 
food  color  in  1907. — ^Magenta  powder  A;  Fuchsin  Crystals;  Magenta 
FABSRedlOl. 

Scientific  name. — ^Mixture  of  hydrochlorid  or  acetate  of  pararo- 
sanilin  (triamidotriphenylcarbinol)  and  rosanilin  (triamidodiphenyl* 
tolylcarbinol). 

Shade. — ^Bluish-red.    Offered  by  4  out  of  12  sources. 

FAVORABLB. 

1.  Permitted  by  Confectioners'  List. 

2.  Wbtl  (p.  ti):  "The  colors  examined    *    *    *    Fuchsin  were  (was)  found  to  be 

nonpoisonous; "  *^  Similarly  a  hen  which  had  eaten  for  three  weeks  oats  covered 
with  fuchsin  was  in  good  health."    (p,  t4-) 

3.  ''According  to  Grandhonmie  rabbits  bear  without  injury  fuchsin  free  from  arsenic 

♦    *    ♦.*'    ip^Sl,) 

4.  "Fuchsin    *    *    *    (ie)  as  is  now  established,  almost  without  poisonous  action.'' 

0>.  65.) 

5.  Fraenkel  (p.  574) t  quoting  Penzoldt,  says  that  it  is  entirely  nonpoisonous,  and 

completely  prevents  putrefoction. 

6.  Permitted  by  the  law  of  Austria. 

7.  Lewin  (Lehrlmch  der  Toxikologie,  1897 ,  p.  iSO),  says  when  free  from  arsenic  it  is 

harmless. 

8.  Cloubt  and  Bergeron  (/.  pharm,  Mm,,  1871,  v,  25,  p.  i96):  One  of  them  took 

personally  500  milligrams,  that  is,  7.7  grains  in  16  days;  there  was  no  digestive 
disturbance  of  any  kind,  and  the  urine,  which  was  examined  daily,  contained 
no  albumen.  They  cite  a  case  of  Bright's  disease,  in  which  the  amount  of 
albumen  decreased  when  fuchsin  was  administered,  and  they  conclude  that 
fuchsin  may  be  good  for  sufferers  from  Bright's  disease. 

UNFAVORABLE. 

1.  Forbidden  by  the  law  of  France.    (See  Lither,  p,  31.) 

2.  Chlopin  (p.  178):  Examined  this  color,  and  on  his  own  experiments  classes  it  as 

"Suspicious  because  of  vomiting  and  traces  of  albumen."  The  experimental 
data  are  as  follows: 
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Experimental  data  by  Chlopin. 


Date. 

Dose. 

Weight. 

24  hours' 
urine. 

General  condition  of  animal  and  urine. 

1901. 
Apr.  18 

19 

Oranu. 
3 

Kilot. 

ee. 
270 

280 

Dog  before  experiment  well  and  urine  normal;  vomited  several 

times  after  receiving  dye. 
Urine  quite  red;  add;  no  albumen;  general  condition  normaL 

20 

Do? 

21 

2 

320 

Urine  less  colored;  acid;  no  albumen;  vomited  once. 

22 

Urine  darkish;  acid;  traces  albumen.' 

23 

Color  normal;  no  albumen. 

24 

Do. 

Total. 

5 

Note.— This  sample  may  have  contained  some  phosphin,  O.  T.  532,  see  page  133. 

DOUBTPUL. 

1.  WmoQRADOw  (Zts.  Nahr.  Genussm.  190Sy  v.  5,  p.  589)  says  it  almost  completely 
inhibits  digestion. 

G.  T.  450. 

Trade  names. — Hofmann  Violet;  Dahlia;  Red  Violet  5R  extra; 
Violet  R;  lodin  Violet;  Primula;  Violet  5  R;  Violet  R  R. 

Scientific  name. — Mixture  of  the  hydrochlorids  or  acetates  of  the 
monodi-  or  trimethyl-  (or  ethyl-)  rosanilins  and  pararosanilins. 

Discovered. — 1863. 

Shade. — ^Violet.     Not  offered. 

FAVORABLE. 

1.  Weyl  (p.  24):  "*    *    *    Anilin  Violet  (Dahlia)    *    ♦    ♦    (is)alsononpoisonoiia.'' 

2.  Buss  lists  it  as  nonpoisonons. 

UNFAVORABLE. 

1.  Fraenkbl  (p.  574)  quotes  Penzoldt,  and  says  it  completely  arrests  development^ 
and  causes  muscular  paralysis. 

G.  T.  451. 

Trade  names. — ^Methyl  Violet  B;  Direct  Violet;  Dahlia;  Paris 
Violet;  Violet  de  Methylanilin;  Pyoctanin. 

Names  under  which  it  vxis  offered  on  the  United  Staie^  market  as  a 
food  color  in  i507.— Methyl  Violet;  Methyl  Violet  B;  Methyl  Violet 
BB  extra;  Methyl  Violet  3  B  D. 

Scientific  name. — Hydrochlorid  of  penta-  and  hexamethyl-  para- 
rosanilin. 

Discovered. — 1 86 1 . 

Shade. — ^Violet.    Offered  by  5  out  of  12  sources. 


FAVORABLE. 


1.  Permitted  by  Confectioners'  List. 

2.  Permitted  by  the  Austrian  law. 
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8.  Wbtl  (p.  U):  "  ♦  *  *  AniHn  Violet  (Dahlia)  *  *  *  [is]  alao  non- 
poisonous.'' 

4«  «  «  «  Methyl  Violet  [is]  as  is  now  established,  without  poisonous  action.'^ 
(p.  55). 

6.  Frabnkbl  0?.  575):  "Methyl  Violet    *    *    ♦    is  relatively  nonpoisonous." 

6.  Bubs  lists  it  as  nonpoisonous. 

UNFAVORABLE. 

1.  Graefb  and  Braunschweiq  {Fortsdur,  Medizin,  1890,  v.  8,  p.  406):  **lt  seems 

to  be  proven  that  damage  will  actually  result  even  in  the  case  of  most  cautious 
use,  which  we  are  sure  we  exercised." 

2.  Santobi  (MoUschoWs  Untersuchungen,  1895,  v.  15,  p,  5t):  I.  A  dog  weighing 

7,600  grams  received  5.6  grams  dye  in  12  days;  this  amounts  to  61  milligrams 
per  kilo  per  day,  or  43  grains  per  100  pounds  per  day.  Continued  vomiting^ 
beginning  with  0.1  gram  dye;  progressive  emaciation  and  general  falling  away; 
catarrh  of  eyes  and  nose;  distinct  dislike  for  food  and  great  desire  to  sleep; 
temperature  below  normal,  urine  unchanged.  Loss  of  weight  1,600  grams,  or 
21  per  cent.  The  animal  died  on  the  thirteenth  day.  The  autopsy  showed  a 
piale  and  blood-poor  liver;  the  kidneys  were  in  a  typically  congested  condition 
and  contained  accumulations  of  blood  corpuscles.  II.  A  second  dog  weighing 
6,000  grams  received  3.8  grams  dye  in  14  days,  which  amounts  to  71.4  milli- 
grams per  kilo  per  day,  or  50  grains  per  100  pounds  per  day.  The  animal  died 
on  the  fourteenth  day.  There  was  daily  vomiting  and  rapid  emaciation;  final 
weight  loss  was  1,100  grams,  or  18.3  per  cent;  temperature  normal;  bloody 
urine  bogiiming  the  eighth  day.  The  autopsy  showed  a  blood-poor  Hver,  soft 
and  swollen  epithelia;  kidi^eys  the  same  as  in  the  case  of  the  preceding  dog. 

G.  T.  457. 

Trade  names. — Anilin  Blue,  spirit-soluble;  Spirit  Blue;  Fine  Blue; 
BleuLumidre;  Opal  Blue;  Gentian  Blue  6B;  Hessian  Blue;  Bleu-de- 
Nuit. 

Scientific  name, — Hydrochlorid  sulphate  or  acetate  of  triphenylro* 
sanilin  and  triphenylpararosanilin. 

recovered.— 1860-1862. 

Shade. — Greenish  blue;  not  ofTered. 

FAVOBABLB. 

1.  Permitted  by  Confectioners'  List. 

2.  Santori  (Mole9choU*s  Untersuchung^j  1895,  v.  15,  p.  48)  says  it  is  harmless. 

A  dog  weighing  4,500  grams  received  17  grams  dye  in  30  days,  which  amounts  to 
126  milligrams  per  kilo  per  day  or  88  grains  per  100  pounds  per  day.  Weight 
remained  the  same,  general  condition  good,  urine  and  temperature  unchanged; 
killed  by  chloroform;  autopsy  showed  everything  normal. 

3.  Libber  (p.  14),  where  it  is  stated  to  be  permitted  by  the  Austrian  law  (pp,  ti-iS)^ 

where  it  is  stated  to  be  permitted  by  the  Italian  law  (p.  31),  where  it  is  stated 
to  be  i>ennitted  by  the  French  law  in  candies,  pastilles,  sweetmeats,  sauces, 
fruits,  and  certain  liqueurs  ordinarily  not  colored. 

4.  Wbtl  (p.  tt),  quoting  Sonnenkalb  (p.  24),  quoting  Grandhomme. 

5.  Fkabnkel  (p.  580)  states  that  it  is  effective  in  only  5  per  cent  of  malaria  < 

6.  Pennitted  by  the  law  of  Austria. 

7.  Buss  lists  it  as  nonpoisonous. 


Digitized  by 


Google 


122 


COALrTAB  COLOES  USED  IN  FOOD  PEODUCTS. 


UNFAVOBABLE. 

1.  Wetl  (p.  iS),  quoting  Friedrich,  where  poisoning  was  produced  in  a  young  man 
engaged  in  packing  this  dye. 

G.  T.  459. 

Trode  names. — ^lodin  Green;  Pomona  Green;  Night  Green;  Vert 
Lumidre. 

Sdentijic  name, — Zinc-double-chlorid  of  heptamethyl-rosanilin- 
chlorid. 

Discovered  and  patented. — 1866. 

Shade. — Green.    Not  offered. 


Nothing. 


FAVORABLE. 


UKFAVORABLE. 


1.  Chlopin  (p.  175)  on  hb  own  experiments  classes  it  as  *' suspicious.''    (See  p.  181). 
The  experimental  data  are  as  follows: 

Experimental  data  hy  Chlopin. 

[1  gram— 167  mg— 117  gntns.] 


Date. 

Dose. 

Weight. 

24  hours' 
urine. 

General  condition  of  animal  and  urine. 

1901. 
May    0 

10 

OravM. 
6 

6 

cc, 
420 
470 
441 
420 
390 
400 
442 
370 

Before  experiment  dog  and  urine  nocmal. 
Do. 

11 

Urine  slightly  greenish;  no  albumen. 
Do. 

12 

2 

13 

Urine  has  greenish  opalescence;  traces  of  albumen. 
Do. 

14 

15 

Urine  has  greenish  opalesoenoe;  no  albumen. 
Do. 

10 

2 

17 

18 

400 

Normal  color;  no  allmmen. 

Total.. 

6 

2.  Buss  lists  it  as  poisonous. 


DOUBTFUL. 


1.  WiNOORADOW  (Zte.  Nahr.  Genusmn.,  1903,  v.  6,  p.  589)  says  it  noticeably  retards 
digestive  action;  is  not  indifferent. 

G.  T.  462. 

Trade  namfies. — ^Acid  Magenta;  Acid  Fuchsin;  Acid  Rubin;  Fuch- 
sin  S;  Acid  Rosein;  Rubin  S. 

Nam£S  under  which  it  was  offered  on  the  United  States  mnrJcet  as  a 
food  color  in  1907. — ^Acid  Magenta  Powdered;  Acid  Magenta. 

Sdentijic  nams. — Mixture  of  the  sodium  or  ammonium  salts  of  the 
trisulphonic  acids  of  rosaniUn  and  pararosanilin. 

Discovered. — 1877. 

Shade. — Red.     Offered  by  2  out  of  12  sources. 
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3 


FAVORABLE. 

1.  Pennitted  by  ConfectioneiB',  List. 

2.  Gazenbuve  {Arch,  gin,  med.,  1886,  p.  75S)  says  it  may  be  taken  without  effect  by 

man  and  animals,  eick  or  well,  in  large  doses. 
Wetl  (p.  55),  where  he  says  that  it  is  established  of  this  color  that  it  is  almost  with- 
out poisonous  action. 
2.  Libber  {p.  J4)y  where  it  is  stated  to  be  permitted  by  the  law  of  Austria  (p.  SI), 
where  it  is  stated  to  be  i>ermitted  by  the  law  of  fSrance  for  confectionery,  cor- 
dials, and  the  like. 

5.  Pennitted  by  the  law  of  Austria. 

6.  Permitted  by  the  law  of  Italy. 

7.  Cazbnbuyb  and  LApinb  (Compt,  rend.,  1885,  v.  101,  p.  1011):    A.  Dog:  15  kilos 

weight,  received — 


Days. 

Qnins. 

MiUlgnziu 
perlkik). 

Grains  per 
100  pounds. 

15 

1 

67 

47 

5 

2 

134 

94 

5 

5 

336 

235 

6 

10 

670 

470 

No  dianhea;  no  vomiting;  no  albuminuria;  urine  colored  only  occasionally, 
but  did  contain  the  leuco  compound  of  the  dye.  B.  Man:  1.  Afflicted  with 
Brig^t's  disease;  took  two  grams  daily  for  one  week;  no  effect.  2.  Afflicted 
with  renal  cirrhosis;  four  grams  daily  for  several  days;  no  effect.  3.  A  well 
man  took  four  grams  daily  for  several  days;  no  effect. 
8.  Gazenbuvb  and  LAfinb  {Bull,  de  Vaoad.  de  mid.  1886,  p.  64S):  Tolerated  by  man, 
sick  or  well. 

G.  T.  467. 

Trade  name. — ^Acid  Violet  6B. 

SderUif^cname. — Sodium  salt  of  dimethyl  diethyl  dibenzyl  triamido 
triphenyl  carbinol  disulphonic  acid. 
Discovered  and  patented. — 1889. 
Shade. — ^Violet.     Not  offered. 

FAVORABLB. 

1.  8ANT0RI  {MolesehoU*8  Unterwchungen,  1895,  v.  15,  p.  54):  A  dog  weighing  4,250 
grams  received  12.5  grams  dye  in  28  days,  which  amounts  to  105  milligrams  per 
kilo  per  day,  or  74  grainaper  100  pounds  per  day.  The  dog  vomited  the  color 
only  two  or  three  times  and  was  otherwise  normal.  Appetite,  temperature, 
and  urine  all  remained  normal.  Conclusion:  Nonpoisonous;  autopsy  also 
showed  everything  normal. 


Nothing.. 


UNFAVORABLB. 


G.  T.  477. 


Tradenames. — ^Alkali  Blue;  Nicholson  Blue;  Fast  Blue. 

Scientijie  nams. — ^Mixture  of  sodium  salts  of  triphenyl  rosanilin 
monosulphonic  acid  and  of  triphenyl  para  rosanilin-monosulphonic 
acid. 
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Discovered  and  patented. — 1862. 
Shade, — ^Blue.     Not  oflfered. 

FAYORABUB. 

1.  Santori  (MoleschoWa  Untermchungen,  1895 ^  v.  IS,  p.  45):  A  dog  wd^^iing  4,500 
grams  received  25  grams  dye  in  30  days,  i^ch  amounts  to  185  milligrams  -per 
kilo  per  day,  or  129.5  grains  per  100  pounds  per  day.  The  uiine  remained  of 
normal  color,  but  the  stool  was  a  deep  blue  black.  Throu^out  the  whole  time 
the  animal  was  in  perfect  health.  Killed  with  chloroform;  autopsy  ehowed 
everything  normal. 

UNFAVORABLB. 


Nothing. 


G.  T.  478. 


Trade  names. — Bavarian  Blue  DSF;  Methyl  Blue,  waternsoluble; 
Navy  Blue  B;  Methyl  Blue  for  silk  MLB. 

ScierUific  name. — Sodium  salt  of  triphenyl  pararosanilin  di-  and 
tri-sulpho  acid. 

Discovered. — 1862;  not  patented. 

Shade, — ^Blue.    Not  oflFered. 


Nothing. 


FAVORABLB. 


UNTAVORABLB. 


1.  Chlopin  (p.  170)  examined  this  color,  and  on  his  own  experiments  classed  it  as 
''nonpoisonous  but  not  quite  indifferent.*' 

Experimental  data  hy  Chlopin. 
[1  gram— 115  mg— 81  graizia.] 


Date. 

Doaa. 

Weight. 

24houra' 
urine. 

Oeneral  condition  of  animal  and  oiina. 

1901. 
May  18 

10 

Oramt. 
2 

mio$. 

8.7 

cc. 
460 
366 
380 
370 

Dog  and  urine  quite  normal. 
Urme  slightly  greenish;  no  albumen;  add. 
Do. 

23 

24 

2 

Do. 

26 

Do. 

26 

2 

Do. 

27 

370 
320 

Do. 

28 

2 

Do. 

29 

Do. 

ao 

2 

Urine  slightly  greenish;  traces  of  albumen;  add. 
Do. 

31 

625 

June    i 

Do. 

2 



327 

Do. 

3 

Do. 

4 

3 

1 

Do. 

5 

Urine  slightly  greenish;  traces  of  albumen;  add;  diairina. 
Do. 

6 

3 

405 

7 

Urine  sUghtly  greenish;  traces  of  albumen;  add. 
Do. 

8 

3 

396 
853 
370 
340 
1400 
425 

9 

Do. 

10 

3 

Do. 

11-16 

Color  nonnal;  traces  of  albumen. 

16 

Do. 

17-29 

8.6 

Do. 

Total. 

22 

1  Daily. 
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G.  T.  479. 

Trade  names, — ^Methyl  Blue  O;  Brilliant  Cotton  Blue  greenish; 
XL  Soluble  Blue;  Diphenylamin  Blue;  Bavarian  Blue  DBF;  Soluble 
Blue  SB  and  lOB;  Helvetia  Blue. 

Scientific  name. — Sodium  salt  of  triphenyl-pararosanilin  tri- 
sulphonic  acid. 

Discovered  and  patented,^— IS62, 

Shade. — ^Blue.     Not  oflfered. 


Nothing. 


FAVORABLE. 


UNTAVOBABLB. 


1.  Chlofzn  (p.  16S)  examined  this  color  and  on  his  own  experiments  classed  it  as 
"sospidous''  or  "nonsuspicious"  dependent  upon  the  make  of  goods. 

Ecpenmental  data  by  CKhpin. 

No.  1. 

[1  gram— 75  mg— 62  gnizis.] 


Dftte. 

Boaa. 

Weight 

24  boon' 
nilne. 

General  condition  of  animal  and  urine. 

1901. 
May  14 

15 

OraiM. 
2 

JTOm. 
13.4 

400 

Dog  nonual;  no  albumen. 

Color  cbooolate-brown;  indgniflcant  traces  of  albumen« 

Color  same;  no  albumen. 

16 

2 

17 

410 

Uiine  nonnal;  no  albumen;  dog  is  well. 

TotaL. 

4 

No.  2. 
[1  gram— 152  mg.— 106  grains.] 


lOQL 
Nov.  12 
13 

3 

6.6 

800 

Dog  q^te  well;  urine  normal  color;  acid;  no  albumen. 

16 

3 
3 
S 
S 

Do. 

16 

360 
305 
330 

Do. 

17 

Urine  greenlflh  color;  no  albumen. 

19 

20 

Urine  darker;  no  albumen. 

21 

Urine  color  normal;  no  albumen. 

22 

6.8 

Color  ftlFT^Offt  normal. 

TotaL. 

15 

This  preparation  from  Moscow;  not  suspicious. 

No.  3  (MBBCK'S  PftKPABATION). 

(1  gram— 147  mg— 103  grains.] 


Date. 

Doae. 

Weight. 

24bourB' 
uilne. 

General  condition  of  animal  and  urine. 

1908. 
Pttb.  18 

19 

6.9 

400 

Before  experiment  dog  quite  nonnal;  urine  add;  no  albumen; 
normal  yellow  color:  2  noun  after  spying  dye  vomiting. 

add;  oonddarabto  albumen;  appetite  not  decreased. 
During  night  diarrhea;  no  vomiting;  urine  brown;  add;  traces  of 

20 

830 

21 

albumen;  without  add  urine  becomes  blue. 
No  diarrhea;  no  vomiting;  urine  brown;  traces  of  albumen. 
Urine  brown,  with  bhie  sheen;  traces  of  albumen. 
Urtne  bhie  chocolate-brown;  otherwise  normal    Urine  acquired 

usual  color  8  days  later. 

22 

6.8 

23 

Total.. 

15 

Conclusion:  "Suspicious." 
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G.  T.  480. 

Trade  names. — Soluble  Blue;  China  Blue;  Cotton  Blue;  Bleu 
Marine;  Water  Blue;  Water  Blue  6  B  extra;  London  Blue  extra. 

Names  under  which  it  was  offered  on  the  United  States  market  as  a 
food  color  in  1907. — ^Pxire  Soluble  Blue. 

Scieniif^e  name. — Sodium,  ammonium  or  calcium  salt  of  the  tri- 
sulphonic  acid  (with  some  disulphonic  acid)  of  triphenyl-rosanilin  and 
triphenyl-pararosanilin. 

Discovered  and  patented. — 1862. 

Shade. — ^Blue.    OflFered  by  1  out  of  12  sources. 

FAVORABLE. 

1.  Pennitted  by  law  of  Austria. 

2.  LiEBER  (p.  147):  A  guinea  pig  received  306  milligrams  per  kilogram  body  wei^t, 

or  214  grains  per  100  pounds,  once  a  day  seven  times  every  other  day;  the  wei^t 
remained  substantially  constant,  a  slight  gain  of  less  than  }  per  cent  being  noted. 
"Nothing  irregular  or  disturbing  whatsoever  was  observed  during  the  whole 
period." 

3.  Santori  {MoleschoU^s  Untersuchungen^  1895,  v.  15,  p.  45):  A  dog  weighing  4,500 

grams  received  30  grams  dye  in  30  dajrs  which  amounts  to  223  milligrams  per 
kilo  per  day  or  156  grains  per  100  pounds  per  day.  Animal  remained  well 
throughout;  no  loss  of  weight  or  appetite;  lurine  normal  color,  stool  deep  blue; 
killed  with  chlon^orm;  autopsy  showed  a  pea-green  coloring  of  the  cortex  of 
the  kidneys. 

UNFAVORABLE. 

1.  Frabnkel  (p.  574)t  quoting  Penzoldt,  says  that  it  completely  arrests  germ  devel- 

opment, and  causes  changes  internally. 

2.  SAirroKi  (MoleschoU*8  Untermchungen,1895,v.l5,p,46):  Regards  this  as  injurious 

hypodermically^  but  not  through  mouth.  A  dog  weighing  4,000  grams  received 
3.5  grams  of  dye  hypodermically  in  16  days,  at  the  end  of  which  time  he  died; 
this  amoimts  to  55  milligrams  per  kilo  per  day  or  38.5  grains  per  100  pounds 
per  day.  The  autopsy  showed  the  liver  to  be  free  from  blood;  kidnejrs  soft 
and  congested;  all  oigans  swollen  and  colored. 

G.  T.  483. 

Trade  names. — Aurin;  Rosolic  Acid;  Yellow  CoraUin. 
Scientific  name. — Mixture  of  aurin  (trioxytriphenyl-carbinol)  oxi- 
dized aurin,  methylaurin,  and  pseudo-rosolic  acid  (corallin  phthalin). 
Discovered. — 1834. 
Shade. — ^Yellowish  brown.    Not  offered. 

FAVORABLB. 

1.  Lbwin  (Lehrbuch  der  Toxikologie,  1897,  p.  iSl):  Rosolic  Acid  is  positively  non- 
poisonous. 


Digitized  by 


Google 


COMPILED  DATA  UNDER  GREEN  TABLE  NUMBERS. 


127 


UNPAVORABLB. 


1.  Ghlofin  {p.  167)  examined  this  color,  and  on  Ms  own  experiments  classes  it  as 
"strongly  poisonous. "    The  experimental  data  are  as  follows: 

[1  gram— 137  mg— 96  grains.] 


Data. 

Doae. 

Weight. 

24houT^ 
urine. 

General  condition  of  animal  and  mine. 

UQ2. 
liar.  12 

13 

Onm», 

1 

2 
3 

3 

XttM. 

7.3 

ce. 
330 

375 
800 

Before  ezperimfint  dog  quite  mtbH;  urine  nonnal  color;  acid;  no 

albumen. 
Diarrhea;  urine  faint  red. 

14 

Diarrhea:  lasaitude;  eats  little;  urine  red;  no  albumen. 

Violent  diarrhea  and  vomiting;  dog  stands  on  feet  with  diffi- 
culty; eats  nothing. 

Same  conditions  as  on  preceding  day;  dog  sl^k  for  a  long  time 
after. 

15 

10 

TotaL. 

9 

2.  Prohibited  by  the  German  law  of  1887. 

3.  Prohibited  by  the  Belgian  law  of  June  17,  1891. 

4.  Buss  lists  it  as  poisonous. 

DOUBTFUL. 

1.  Lb  WIN  (Lehrbuch  der  Torikologie,  1897,  p.  tSl):  RosoHc  Acid  is  positively  non- 
poisonous.  Small  animals  can  take  1  gram  and  more  of  it.  In  Austria  it  is 
prohibited  for  use  in  coloring  foods.  CoralUns,  or  red  (Pseonin)  or  yellow 
colors,  consisting  of  Aurin  and  Roeolic  Acid  were  regarded  as  poisonous 
because  in  experiments  on  man  and  animals  illness  occurred,  but  are  said  to 
be  jKnsonous  only  in  the  presence  of  arsenic,  phenol,  or  anilin.  These  sub 
stances  are  prohibited  in  the  coloring  of  food. 

G.  T.  488  or  490. 

Trade  name. — ^Victoria  Blue;  Victoria  Blue  B;  Victoria  Blue  4R. 
Scientific  names. — ^Hydrochlorid  of  phenyltetra  (penta)  methyl- 
triamido-diphenyl-alpha-naphthyl-carbinol  (note:  4R  is  bracketed). 
Discovered  and  patented. — 1883. 
Shade. — ^Blue.    Not  offered. 


Nothing. 


FAVORABLE. 


UNFAVORABLE. 


1.  Santori  (Mole9choU'a  Untersiuhungenf  1895,  v.  IS,  p.  47):  A  dog  weighing  5,250 
grams  received  10.5  grams  dye  in  22  days,  which  amounts  to  45  milligrams 
per  kilo  per  day  or  32  grains  per  100  pounds  per  day.  After  receiving  1.5 
grams  the  animal  suffered  copious  continuous  salivation,  anemia,  and  emacia- 
tion and  occasional  vomiting.  The  urine's  color  did  not  change;  the  feces 
became  blue;  temperature  slightly  above  and  below  normal;  although  highly 
emaciated  (loss  in  weight  was  1,750  grams  or  33}  per  cent)  the  animal  retained 
its  appetite;  animal  died  on  the  morning  of  the  23d  day.  The  autopsy  showed 
oesophagus,  stomach,  and  intestines  colored  deep  blue  and  filled  with  a  green- 
ish scum,  extended  and  strong  catarrh  of  the  stomach  and  intestines;  kidneys 
and  liver  contained  very  little  blood.  Conclusion:  Poisonous. 
(Note:  It  is  uncertain  which  of  these  two  dyes  Santori  used.) 
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G.  T.  502. 

Trade  narne. — Rhodamin  G  and  G  extra. 
ScierUific  name. — Chiefly  Triethylrhodamin. 
Discovered  and  patented. — 1891. 
Shade. — ^Bluish.     Oflfered  by  2  out  of  12  sources. 


Nothing. 


FAVORABLE. 


UNFAVORABLE. 


1.  Ghlopin  (p.  184)  examined  this  color,  and  on  his  own  experiments  classes  it  as 
' '  suspicious. ' '    The  experimental  data  are  as  follows : 

Experimental  data  by  CMopin. 
[1  g»m— 167  mg*  117  graixu.] 


Date. 

Dose. 

Weight. 

24houra' 
urine. 

Oeneral  condition  of  animal  and  urine. 

1903. 
Feb.  18 

10 

Orams. 
3 

3 
3 
3 
3 

Kitot. 
6 

ee. 
310 

Dog  normal;  urine  add;  no  albumen:  after  2  homa  thin  alool; 
remainder  of  day  lively;  good  appetite. 

Goes  to  stool  without  results;  otherwise  as  above. 

20 

21 

270 
320 

Do. 

22 

Do. 

23 

Goes  to  stool  without  results;  urine  nonnal  after  8  days. 

Total.. 

15 

G.  T.  504. 

Trade  names. — Rhodamin  B;  Rhodamin  O;  Safranilin. 

Names  under  which  it  was  offered  on  the  United  States  market  as  a 
food  color  in  1907. — ^Rhodamin  B  extra;  Rhodamin;  Rhodamin  B. 

Scientific  name. — ^Hydrochlorid  of  diethyhneta-amido-phenol- 
phthalein. 

Discovered  and  patented. — 1887. 

Shade. — ^Bluish  red.     Offered  by  5  out  of  12  sources. 

FAVORABLE. 

1.  LiEBER  (p.  141)'.  A  young  female  rabbit  received  339  milligram  body  weight,  or 
237  grains  per  100  pounds,  five  times  on  alternate  days.  "During  the  whole 
period  the  animal  seemed  to  be  perfectly  at  ease,  was  lively,  displayed  good 
appetite,  and  gained  steadily  *  *  *  .''  The  gain  in  weight  was,  roughly, 
7  per  cent. 

UNFAVORABLE. 

1.  Chlopin  {pp.  182 y  18S)  examined  this  color,  and  on  his  own  experiments  classifies 
it  as  ''not  poisonous,  but  not  entirely  indifferent;  suspicious.''  The  experi- 
mental data  are  as  follows: 
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Experimental  data  by  CMopin. 
f  1  gnun — 100  mg —76  grains.] 
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Date. 

Doee. 

Weight. 

24hoi]n' 
urine. 

Oeneral  condition  of  animal  and  urine. 

1904. 
Feb.  18 

19 

Oram*. 
3 

3 

3 
3 
3 

KiUm. 
0.2 

cc. 
420 

400 

400 

Dog  normal;  urine  add,  no  albumen;  strong  yellow  ookv;  3 
houn  alter  giving  coU>t  thin  stool. 

ing,  and  reappears  on  cooling;  no  albumen. 
Thin  stool;  no  change  in  other  respects. 
No  diarrhea;  no  change  In  other  respects. 

20 

31 

22 

420 

GenmU  con<iition  good;  M>iT)«  hm)  nnd  ^d;  no  albomcn* 

Total.. 

15 

Dog  lecovera. 


G.  T.  512. 


Trade  names. — ^Eosin;  Eosin  A;  Eosin  B;  Eosin  A  extra;  Eosin 
Yellowish;  Eosin  G  O  F;  Water-soluble  Eosin;  Eosin  3  J  anS  4  J 
extra. 

Names  under  which  it  vxis  offered  an  the  United  States  market  as  a 
food  color  in  1907. — ^Eiythrosin  I  N;  Eosin  J;  Eosin  Y. 

Scientific  name. — ^Alkali  salts  of  Tetra-bromo-fluorescein. 

Discovered. — 1 874. 

Shade. — Yellowish  red.     Offered  by  3  out  of  12  sources. 

FAVORABLE. 

1.  Permitted  by  Confectioners*  List. 

2.  Wbyl  (p.  ^/):  **  According  to  Grandhomme,  rabbits  bear  without  injury    »    »    • 

Eoein    *    *    ♦." 

3.  Permitted  by  the  law  of  Austria. 

4.  Buss  lists  it  as  nonpoisonous. 

UNFAVOBABLB. 

1.  LxwiN  (Lehrbuch  der  Toxikologie,  1897,  p.  tSl):  '^The  continued  use  of  these 

coloring  matters,  as  well  as  of  Phenolj^thalein,  which  becomes  colored  in  the 
system,  I  regard  as  harmful,  and,  in  ^t,  through  action  as  coloring  matters." 

2.  Forbidden  by  the  Italian  law. 

G.  T.  516. 

Tradenames. — ErythrosinG;  PyrosinJ;  Jaime d'Orient;  Dianthin 
G;  lodeosin  G. 

Jiam^  under  which  it  was  offered  on  the  United  Staies  marlcet  as  a  food 
color  in  1907. — Erythrosin  yellowish  shade. 

Scientific  name. — Sodium  or  potassium  salt  of  diiodofiuorescein. 
97291**— BuU.  147—12 ^9 
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Discovered, — 1875. 

SJiade, — Yellowish  red.     Offered  by  1  out  of  12  sources. 


Nothing. 


FAVORABLE. 


UNFAVORABLE. 


1.  Chlopin  (p.  181):  Examined  this  color,  and  on  his  own  experiments  reports  it  as 
''injurious  because  of  light  albuminuria,  vomiting,  and  diarrhea.''  The 
experimental  data  are  as  follows: 

Experimental  data  by  Chlopin. 

No.i. 
[1  gram  — 156  mg  — 109  grains.] 


Date. 

Doee. 

Weight. 

24  hours' 
urine. 

General  condition  of  animal  and  urine. 

UOl. 
Apr.  24 
25 

Orams. 
2 

6.4 

ec. 
360 
353 
368 
370 

Before  experiment  dog  and  urine  normal. 

Urine  red  yellow  with  greenish  sheen;  acid;  no  albumen. 

26 

Urine  red  yellow  with  greenish  sheen;  acid;  trace  of  albumen. 

27 

Do. 

28 

2 

Urine  red  yellow  with  greenish  sheen;  acid;  no  albtunen. 

20 

355 
365 
365 

bo. 

30 

Do. 

May    3 

Do. 

Total. 

4 

No.  2. 
[1  gram  — 152  mg  — 106  grains.] 


1901. 
Nov.  24 

6.6 


345 

25 

3 
3 
3 
3 

3 

26 

27 

28 

380 
340 

20 

30 

Dec  2-3 

Total. 

15 

Dog  and  urine  normal. 

Do. 
Urine  fluorescent  orange;  no  albumen. 
Vomiting,  diarrhea;  urine  orange;  no  albumen. 
No  vomiting  and  no  diarrhea;  urine  fluorescent,  red;  no  albu- 
men. 

Do. 

Do. 
Color  and  composition  of  urine  normal;  dog  well. 


DOUBTFUL. 

1.  WiNOORADOW  (ZU.  Nahr.  Genussm.  190S,  v.  6,  p.  o89)  says  it  almost  completely 
inhibits  digestion. 

G.  T.  517. 

Trade  names. — Erythrosin;  Erythrosin  B;  lodeosin  B;  Eosin  J; 
Eryth rosin  D;  Pyrosin  B;  Eosin  Bluish. 

Names  under  which  it  vxis  offered  on  the  United  States  market  as  a 
food  color  in  1907. — Erythrosin  YeUow  Shade;  Erythrosin  B;  Ery- 
throsin. 
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ScieTUiJic  name. — Sodium  or  potassium  salt  of  tetraiodofluorescein. 

Discovered. — 1876. 

Shade. — Bluish  red.     Offered  by  5  out  of  12  sources. 

FAVORABLE. 

1.  Permitted  by  Confectioners*  List. 

2.  Weyl  (p.  32):  "According  to  Grandhomme,  rabbits  bear  without  injury    ♦    ♦    • 

Erythroeine    *    *    *.** 

3.  Permitted  by  the  laws  of  France. 

4.  Permitted  by  the  law  of  Austria. 

6.  Fbabnkel  (p.  574):   "Rose  Bengal    *    *    *    produces  no  noticeable  disturb- 
ances." 
6.  Buss  lists  it  as  nonpoisonous. 

UNFAVORABLE. 

1.  Lbwin  (Lehrbuch  dtr  Ta3nkologir,^1897,  p.  231):  "The  continued  use  of  these 
coloring  matters,  as  well  as  of  phenolphthalein,  which  becomes  colored  in  the 
system,  I  regard  as  harmful,  and,  in  fact,  through  action  as  coloring  matters." 

G.  T.  520. 

Trade  names. — Rose  Bengal;  Rose  Bengal  A  T;  Rose  Bengal  N; 
Rose  Bengal  G. 

Names  under  which  it  vxis  offered  on  the  United  States  market  as  a 
food  color  in  1907. — Rose  Bengal  B;  PlUoxin  B. 

Scientific  name. — Alkaline  salt  of  tetraiododichlorofluorescein. 

Discovered. — 1875. 

Shade. — Bluish  red.     Offered  by  2  out  of  12  sources. 

FAVORABLE. 

1.  Permitted  by  Confectioners*  List. 

G.  T.  521. 

Trade  names. — Phloxin;  Phloxin  TA;  Eosin  lOB. 

Scientific  name. — Sodium  salt  of  tetrabromotetrachlorofluorescein. 

Discovered.— 1S82. 

SJiade. — Red.    Not  offered. 

FAVORABLE. 

1.  Permitted  by  Confectioners'  List. 

2.  Permitted  by  the  Austrian  law. 

3.  Chlopin  (p.  185)  examined  this  color,  and  on  his  own  experiments  classifies  it  as 

"nonpoisonous."    The  experimental  data  are  as  follows: 
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Experimental  data  by  Chlopin. 

No.1. 
[1  gram— 143  mg— 100  grains.] 


Date. 

Do«e. 

Weight. 

24  hours' 
urine. 

General  condition  of  animal  and  urine. 

1901. 
Apr.  10 
11 

Orama. 
1 

EOot. 
7.0 

ec 
380 
870 
870 
870 

Dog  and  urine  quite  normal. 

13 

Do. 

13 

3 

Do. 

14 

Urine  orange. 
Do. 

16 

380 

Total.. 

4 

No.  2. 
[1  gram^llO  mg—81  grains.] 


IWl. 
Nov.    8 
4 

3 

&6 

450 
430 

Dog  well;  urine  normal  color;  arid; 
Urine  orange;  no  Albumen. 

Do. 

Do. 

Do. 

Do. 

Do. 

Do. 
Color  almost  normal;  noalhumeo. 

Do. 

5 

3 

6 

400 
440 
430 
450 
400 

7 

3 
8 

8 

9 

10 

3 

11 

13>14 

Total.. 

/ 

16 

G.  T.  527. 

Trade  names. — Coerulein  S;  Alizarin  Green;  Anthracene  Green. 
Scientijie  name, — Sodium  bisulphite  compound  of  coerulein. 
Discovered.— IS79. 
Shade. — Black. '  Not  offered. 

FAVOBABLB. 

1.  Chlopin  (pp.  18&-7)  examined  this  color,  and  on  his  own  experiments  reports  it  aa 
"nonpoisonous,  and  not  sufficient  data  to  r^ard  it  as  suspicious. "  The  exper- 
imental data  are  as  follows: 

Experimental  data  by  Chlopin, 
No.  1. 

[1  gram- 147  mg- 103  grains.] 


1    Date. 

Dose. 

Weight. 

24  hours' 
urine. 

General  condition  of  animal  and  urine. 

1901. 
Aug.|0 

Oranu, 
2 

Ktto$, 

6.8 

ee. 
320 
330 
300 
330 
300 

Before  experiment  dog  quite  normal. 
Urinp  normal:  acid;  no  albumen. 

sept   1 

3 
3 

Do. 

Urine  has  scarcely  perceptible  sheen;  no  albumeo. 
Do. 

3 

4 

3 
3 
3 
3 

Do. 

5 

300 

Do. 

0 

Do. 

7 

Nothing  abnormal. 
Do. 

9 

310 

10 

2 

Do. 

11 

376 

Do. 

12-18 

Do. 

Total.. 

22 
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Experimental  data  by  Chiopin — Contmued. 

No.  2. 

|1  gram- 187  mg- 117  gniii8.| 


183 


Date. 

Doae. 

Weight. 

24  hours' 
arlne. 

General  condition  of  aofanal  and  nrlne. 

1908. 
Mar.    3 

4 

OroaM. 
2 
3 
3 

2 

JTOm. 
0 

oe. 
270 
250 
265 

Before  experiment  dog  quite  well;  urine  normaL 
Urine  yellow  with  orange  sheen;  acid;  no  albumen. 

no  albumen. 
Stool  ncvmal;  urine  yellow  green;  add;  no  albumen;  genentf 
condition  quite  weu: 

5 

0 

Total.. 

10 

DOUBTFUL. 

1.  WiNOOHADOW  {Zt».  Nahr.  Oentuem.,  J90S,  v.  6,  p.  589)  says  it  almost  completely 
inhibits  digestion. 

G-  T.  530. 

Trade  name, — ^Benzoflayin. 

Sciendjie  name. — ^Hjdrochlorid  of  diamido-phenyl-dimethyl-acridin. 

Discovered. — 1887. 

Shade. — ^Brownish  orange  yellow.    Not  offered. 


Nothing. 


rAYOHABLB. 


UNFAVOBABLB. 


1.  Chlofin  (p.  189)  on  his  own  experiments  regards  this  color  as  Biiq>icioi]fl.    Tha 
experimental  data  are  as  follows: 

ExpennunJtal  data  by  Chlopin. 


Date. 

Doae. 

Weight. 

2«boun' 
urine. 

^, 

Onma. 
2 

Kao$. 

oe. 

a66 

891 

Before  experiment  dog  well  and  urine  nonnaL 
Dog  ate  poorly;  traces  of  annmien. 
Do. 

2 

830 
875 

Urine  greenish  sheen;  aoid. 

2 

Ck>lor8ame;  no  albumen. 

Do. 

Do. 

Total.. 

0 

G.  T.  532. 

Tradenames. — ^Phosphin;  Xanthin;  Leather  Yellow;  Philadelphia 
Yellow  G. 

Sdentijie  name. — Nitrate  of  chrysanilin  (unsym.  diamido-phenyl- 
acridin)  and  homologues. 

Discovered.— 1862. 

Shade. — Orange  yellow.    Not  offered. 


FAVOHABIB. 


Nothing. 
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INPAVORABLE. 

1.  Chlopin  (p.  190)  reporto  Fuchsin  containing  Phoephin  as  suspicious. 

2.  On  his  own  experiments  says  this  color  **does  not  belong  to  the  poisonous  colors, 

but  is  not  wholly  harmless. ' '    The  experimental  data  are  as  follows: 

Experimental  data  by  Chlopin. 
[I  gram— 147  mg— 103  grains.] 


Date. 

Dose. 

Weight. 

^urSe?'                        General  condition  of  animal  and  urine. 

1901. 
Apr.  15 
1« 

Orams, 

Kilos. 
6.8 

cc. 
390 
350 
350 

Dog  well;  urine  normal. 
Do. 

2 

17 

Do. 

18 

3 

Urine  yellower  than  normal;  vomited  several  times  aftar  taking 

dye;  no  albumen. 
Urine  same;  no  vomiting. 
Vomited  twice:  urine  same. 

19 

330 
370 

21 

2 

22 

No  vomiting;  urine  same. 
Color  normal. 

23 

24 

Dog  well ;  urine  normal . 

Total- 

7 

3.  (p.  178):  See  experimental  data  on  G.  T.  448,  which  also  applies  to  this  color. 

4.  Frabnkbl  (p.  678):  Where  its  physiological  action  is  compared  with  quinin  its 

action  on  protozoa  is  far  greater.     "The  Phosphins  are  locally  strong  irritants, 
and  producers  of  inflammation  of  medium  poisonous  nature  so  that  humans 
can  very  well  bear  400  milligrams,  or  6.17  grains. 
6.  Lbwin  {Lehrbuch  der  Toxikologie,  1897,  p.  2S2):  ''Phosphin    •    •    •    produces 
in  humans,  in  doses  up  to  1  gram,  vomiting  and  diarriiea." 

DOUBTFUL. 

1.  WiNOORADOw  (Zte.  Nakr.  Qtnuum.,  190S,  v.  6,  p.  589)  says  it  almost  completely 
inhibits  digestion. 

G.  T.  563. 

Trade  names, — ^Alizarin  Blue  S;  Anthracene  Blue  S;  Alizarin 
Blue  ABS. 

Scientific  nam^.— Sodium  bisulphite  compound  of  dioxyanthra- 
quinone-beta-quinolin. 

Discovered  and  patented. — 1881 . 

Shade. — Blue.     Not  offered. 


1.  Permitted  by  law  of  Austria. 


PAVORABLE. 


UNFAVORABLE. 


1.  Chlopin  (p.  171):  On  authority  not  given  reports  this  color  as  poisonous  or  harmful. 

2.  Ehruch  (Das  Saturstoffbedturfniss  des  Organismut,  1885,  p.  23):  ''Per  kilogram 

of  rabbit,  12-15  cc  of  this  solution  in  general  produce  death  within  the  first 
quarter  of  an  hour;  whereas  4  cc  of  the  same  did  not  usually  produce  it,  and 
7  cc  represent  a  medium,  when  properly  applied,  fatal  dose."  (This  solution 
contained  not  to  exceed  17  per  cent  coloring  matter;  each  cubic  centimeter 
represents  170  milUgiams  per  kilogram  body  weight,  or  119grainsper  100 pounds; 
the  coloring  matter  was  introduced  subcutaneously.) 

3.  Buss  lists  it  as  poisonous. 
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G.  T.  572. 

Trade  Thame. — ^Indophenol  white;  Leucindophenol. 
Scientific  name. — Tin  compound  of  dimethyl-para-amido-phenyl- 
pararoxy-alphanaphthylamin. 
Discovered.— 1881. 
Shade. — ^Blue.     Not  offered. 

FAVORABLB. 

Nothing. 

UNFAVOBABLB. 

1.  Santori  (Mokadiott's  UrUermchungen,  1895,  v,  15,  p.  S7):  A  dog  weighing  4,000 
gramB received  18  grains  dye  in  30  days,  which  amounts  to  160  TnilHgrftma  per  kik) 
per  day  or  105  gndns  per  100  pounds  per  day.  Temperature,  urine,  and  weight 
all  remained  unchanged.  Animal  killed  with  chloroform;  autopsy  showed 
fotty  degeneration  of  the  liver;  everything  else  normal.  (Santori  classes  this 
color  as  ''not  nonpoisonous.") 

G.  T.  574. 

Trade  nam^.— Ursol  D;  Ursol  P;  Ursol  DD. 
Scientific  name. — ^Hydrochlorids  of  para-phenylene  diamin,  para- 
amidophenol,  and  diamidodiphenylamin,  respectively. 
Discovered. — 1888. 
Shade. — Brown  to  black.    Not  offered. 

xavobablb. 
Nothing. 

UNTAVORABLB. 

1.  GHLonN  (p.  iil4)  examined  this  color,  and  on  his  own  experiments  reports  it  as 
"strongly  poisonous."  On  January  16,  1901,  a  dog  weighing  18.4  kilos  was 
given  3  grams.  An  hour  or  an  hour  and  a  half  after  giving  dye  vomiting  set 
in;  dog  lay  down  on  one  side  and  died  in  3  or  4  hours.  Cause  of  death, 
heart  filled  with  coagulated  blood;  lungs,  Uver,  and  kidneys  filled  with  blood; 
turbid  swelling  of  the  liver  and  heart;  mucous  membrane  of  stomach  inflamed; 
brain  unchanged.  Death  caused  by  paralysis  of  the  heart.  It  also  acts 
severely  on  the  skin. 

G.  T.  576. 

Trade  namss. — New  Gray;   Malta  Gray;  Nigrosin;  Direct  Gray; 
Methylene  Gray;  New  Methylene  Gray. 
Scientific  name. — ( ?) 
Discovered.— 1888. 
Shade. — Gray.    Not  offered. 

FAVOHABLB. 

1.  Ohlofin  (p.  209)  examined  this  color,  and  on  his  own  experiments  concludes  it 
contains  "no  poisonous  properties."    The  experimental  data  follow: 
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Experimental  data  by  Chlopin. 
[I  gram-77  mg-54  grains.] 


Date. 

Doae. 

Wdght 

24  hours' 
urine. 

General  oondttioo  of  animal  and  urine. 

1902. 
Feb.    8 
0 

Oravu. 
3 

12.9 

ec 
510 
480 
400 
4.'i0 
475 

Dor  quite  well;  urine  quite  normal. 
Urme  green  color;  acid;  no  albumen. 

10 

3 
3 
3 
3 
3 
3 

Do. 

11 

Do. 

12 

Do. 

13 

Vomited  once;  urine  dark  green;  acid;  no  albumen. 

14 

Do. 

15 
10 

12.8 

490 

Do. 
Urine  lighter  shade. 

17 

475 

Urine  normal;  dog  well. 

Total. 

21 

G.  T.  584. 

Trade  names. — Safranin;  Safranin  S;  Safranin  cone;  Safranin 
GOO;  Safranin  T;  Safranin  extra  G;  Safranin  FF  extra;  Safranin 
AG,  AGT,  and  OOF. 

Name  under  which  it  was  offered  on  the  United  States  market  as  a 
food  color  in  7S07.— Safranin  SP. 

Sdentifie  name, — Mixtiure  of  diamido-phenyl-and-tolyl-tolazonium 
chlorids. 

Discovered  and  patented. — 1859. 

Shade. — Reddish  brown.     Offered  by  1  out  of  12  sources. 


FAVORABLB. 

1.  Cazbnbuve  {Arch,  ghi,  de  mid.  1886,  Vol 
disturbances  but  is  not  a  violent  poison. 


/,  p.  753):  Produces  gastzo-intestinal 


UNFATORABLB. 

1.  Prohibited  by  ConlectionerB*  List. 

2.  Wbtl  (p.  31):  "Cazeneuve  and  Lupine  pointed  out  the  poisonoiifl  nature  of 

♦    ♦    ♦    Safranine.'* 

3.  "This  body  (Chamber  of  Commerce  of  Sonneberg)  recommends  for  the  prepara- 

tion of  children's  toys  three  colors,  the  poisonous  character  of  which  I  can 
demonstrate.    These  are    *    *    *    Safranine    ♦    ♦    ♦  .    (p.  ^4.) 

4.  Weyl  (Handbtuhder  Hygiene):  "AccordingtoTheodoreWeyl  this  is  even  in  small 

doses,  when  injected  subcutaneously,  a  strong  poison  "  (50  milligrams  per  kilo 
body  weight,  or  35  grains  per  100  pounds);  ''whereas,  when  administered  by 
the  stomach  only  large  doses  over  a  long  period  of  time  produce  diarrhea." 
6.  Lb  WIN  (Lehrbuch  der  Toxikologis,  1897 ,  p.  232):  ''Safranin  is  poisonous  when 
injected  intravenously.  (Pulse  acceleration,  dyspnoea,  cramps.)  Fed  to  dogs 
by  the  mouth  it  causes  only  diarrhea." 

6.  Prohibited  by  the  Resolutions  of  the  Society  of  Swiss  Analytical  Chemists,  of 

September,  1891. 

7.  Prohibited  by  the  Canton  of  Tessin. 

8.  Buss  lists  it  as  poisonous. 

9.  Cazbnbuvb  and  LApinb  (Compt,  rend.  1886,  v,  101,  p.  1011):  A  dog  (wei^t  Bot 

given)  was  given,  by  the  mouth,  daily  doses  of  from  1  to  4  grams  for  several 
weeks;  only  salivation  and  diarrhea  were  produced.  They  conclude  that  it 
is  a  harmful  color. 
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DOUBTFUL. 

1.  WiNOORADOW  (Ztff.  Nahr,  Oenussm.,  1903 ^  v.  6,  p.  689)  eays  it  almost  com* 
pletely  inhibits  digestion. 

G.  T.  593. 

Trade  names. — ^Mauve;  Mauvein;  Chrome  Violet. 
Obsolete  names. — ^Mauve  Dye;    Anilein;    Anilin  Purple;    Violein; 
Indisin. 
Sdeniijic  name. — Salts  of  phenyl-  and  tolyl-eafranins. 
Discovered  and  patented. — 1856. 
Shade. — ^Blue,  Reddish  Blue,  Bluish  Violet.    Not  offered. 

FAVORABLE. 

1.  Pennitted  by  Confectioners'  List. 

G.  T.  599. 

Trade  nmnes, — Indulin,  spirit  soluble;  Indulin  opal;  Fast  Blue  R 
and  B,  spirit  soluble;  Indulin  3B  and  6B,  spirit  soluble;  Indulin  3B 
opal;  Indulin  6B  opal;  Azin  Blue,  spirit  soluble;  Indigen  D  and  F; 
Printing  Blue;  Acetin  Blue. 

ScientiJU:  name. — ^Mixtures  of  dianilidoamido,  trianilido  and  tetra- 
anilido  phenyl-phenazonimn  chlorids. 

Discovered  and  patented. — 1863. 

Shade. — ^Blue.     Not  offered. 

FAVORABLE. 

1.  Santori  {MoleschoU'8  UnUrsuchungen,  1895,  v.  15,  p.  50):  A  dog  weighing  4,600 
grams  received  12.5  grams  of  this  dye  (in  oil)  in  30  days,  which  amounts  to  91 
milligrams  per  kilo  per  day,  or  64  grains  per  100  pounds  per  day.  There  was  no 
disturbance  of  any  kind.  Killed  by  chloroform;  autopsy  showed  everything 
to  be  normal. 

G.  T.  600. 

Trade  names. — ^Nigrosin,  spirit  soluble;  Coupler's  Blue;  Oil  Black; 
Sloelin;  Spirit  Black. 

Scientific  name. — ^Mixtures  of  Indulins  with  allied  bases  and  fluorin- 
dins. 

Discovered  and  patented. — 1867. 

Shade. — ^Black.     Not  offered. 

favorable. 
1.  Permitted  by  Confectioners*  List. 

G.  T.  60L 

Tradenames. — ^Indulin,  soluble;  Indulin  3B;  Fast  Blue  R  and  3R; 
Sloelin  R  S  and  B  S;  Indulin  R  and  B;  Indulin  6  B;  Fast  Blue  2R,  B, 

and  6B.  C^r\r^n](> 
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Scientific  name, — Mixtures  of  the  sodium  salts  of  the  sulphonio 
acids  of  the  various  spirit-soluble  indulins. 
Discovered  and  patented. — 1867. 
Shade. — Bronzy  or  Blue  Black.     Offered  by  1  out  of  12  sources. 

FAVOHABLB. 

1.  Chlopin  (pp.  198-9):  On  his  own  experiments  classifies  this  color  as  nonpoisonous. 
The  experimental  data  are  as  follows: 

Experimental  data  by  Chlopin. 

No.l. 
[1  gram— 54  mg— 38  grains.] 


Date. 

Doee. 

Weight. 

24  hours' 
urine. 

General  condition  of  animal  and  urine. 

1903. 
Jan.     5 

e 

Oranu. 
3 

KOot. 
18.4 

ce. 
650 
070 
400 
410 
400 
400 
500 
500 
650 
620 

Dog  and  urine  normal. 

Urme  brown;  acid;  no  albumen. 

7 

3 
3 
3 
3 
3 

Urine  greenish  brown;  no  albumen. 

8 

Da 

9 

Da 

10 

Do. 

11 

Do. 

12 

Da 

13 

Da 

14 

Color  and  composition  of  urine  normal;  dog  is  well. 

Total. 

18 

No.  2. 
(1  gram- 114  mg— 80  grains.] 


1903. 
7an.   14 
16 

3 
3 
3 

&8 

420 
890 

Dog  and  urine  normal. 

Urme  slightly  blue;  add;  no  albumen. 

16 

Da  ~     ' 

18 

420 

Da 

19 

Urine  atmoet  normal  color;  no  albumen. 

20 

1 

Color  and  other  properties  of  urine  normaL 

21 

3 
3 
3 

8.8 

No  record. 

22 

400 
460 
400 
450 
400 

Urine  slightly  bluish;  no  albumen. 

23 

Da  "     ' 

24 

Dark  green;  no  albumen. 

25 

Feeble  green;  no  albumen. 

26 

Urine  normal;  dog  well. 

Total. 

18 

UNFAVORABLB. 

Santori  (Mole»chott*i  Untermchungen,  1895,  v.  15,  p.  55):  A  dog  weighing  4,500 
gramB  received  4  to  6  grams  dye  in  7  days,  which  amounts  to  127  to  190  milli- 
grams per  kilo  per  day,  or  89  to  133  grains  per  100  pounds^r day .  No  vomiting. 
Stool  black  blue  and  no  change  in  the  urine.  Up  to  the  sixth  day  the  animal, 
in  very  good  general  condition,  ate  heartily  and  was  quite  lively;  temperature 
unchanged .  On  the  morning  of  the  sixth  day  the  animal  was  found  in  his  cage 
suffering  from  general  muscular  cramps  which  were  heightened  by  the  slightest 
noise;  the  animal  did  not  respond  to  calls  or  threatening  movements  and  was  in 
a  complete  stupor.  This  continued  for  24  houn,  when  the  animal  died.  The 
autopsy  showed  numerous  punctures  of  the  lungs  and  of  the  mucous  membrane 
of  the  stomach;  fotty  degeneration  of  the  liver  and  little  blood  in  it;  kidneys 
without  change,  although  the  cortex  was  colored  a  lig^t  green. 
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G.  T.  602. 

Trade  names. — ^Nigrosin,  soluble;  Bengal  Blue;  Gray  R  and  B. 
Scientific  name. — Sodium  salts  of  sulphonic  acids  of  spirit  nigro- 
sins. 

Discovered  and  patented. — 1867. 
Shade. — Black.     Not  offered. 


Nothing. 


FAVORABLE. 


UNFAVORABLE. 


1.  Lewin  {Lekrbuch  der  Toxikologie,  1897,  p.  231)  says:  "Produces  eczema,"  and 
cites  Deutsche.  Med.  Wochenschr.,  1891,  page  46. 

G.  T.  614. 

Trade  names. — ^Magdala  Red;  Naphthalene  Rose;  Sudan  Red; 
Naphthalene  Red;  Naphthylamin  Pink. 

Scientijic  name. — Mixture  of  amido-naphthyl-naphthazonium- 
chlorid  and  diamido-naphthyl-naphthazonium  chlorid. 

Discovered.— 1S6S. 

Shade. — Red.     Not  offered. 


Nothing. 


favorable, 
unfavorable. 


1.  Chlopin  (p.  too)  examined  this  color,  and  on  his  own  experiments  concludes  it 
"does  not  belong  to  the  poisonous  list,  but  is  not  wholly  harmless."  The  ex- 
perimental data  are  as  follows: 

Experimental  data  by  Chlopin. 


No.  1. 
(1  gram— 91  mg— 64  grains.] 

Date. 

Dose. 

Weight. 

24  hours' 
urine. 

General  condition  of  animal  and  urine. 

1902. 
Apr.  12 
13 

Oram*. 
2 

11 

ee. 

780 
1,100 

Urine  rose^wlored;  aeid:  no  albumen. 

14 

3 

760 
660 
670 

Do. 

15 

Urine  quite  red:  acid;  no  albumen:  vomited  once. 
No  vomiting;  dog  is  well;  urine  normal  In  color,  and  oompo- 
sition. 

18 

Total. 

5 

' 

1W3. 
Feb.    3 


5 
6 
7 
8 
9 

Total.! 


15 


Xo.  2. 
(1  gram—Ill  mg— 78  grains.] 


340 
370 


310 
320 


Dav  before  cxpiTlment  quite  well;  urine  normal  color;  acid;  no 

albumen. 
In  the  morning  three  times  thin  stool,  urine  faintly  ro»M»lored; 

acid;  no  al])umen. 
No  diarrhea;  urine  ro9e>red;  acid;  no  albimien. 
Do. 
Do. 
Do. 
Do. 
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Experimental  data  by  CfUopin — Contiiiued. 
(1  gram- 114  mg- 80  grains.) 


Date. 

Doae. 

Wel^t. 

24  hours' 
urine. 

Oeoend  condition  of  animal  and  urine. 

1903. 
Feb.  10 

Qrami. 
3 

KUot, 

ce. 
310 

315 
300 

Vomiting  and  diarrhea;  urine  roee-red;  no  albumen;  acid;  with 

muriatlo  add  rose  color,  becomes  greenish  grav. 
No  vovnitlng;  no  Hiarrhpa;  urine  row^pv];  nr^ia;  no  albuTnAfiT 

11 

12 

8.8 

No  vomiting;  no  dUtfrhea;  color  reaction  of  urine  normal:  no 

albumen. "' 

ToUI. 

3 

DOUBTFUL. 


1.  WiNOQRADOW  {Zu.  Nahr.  Genusetn.  190S,  v.  6,  p.  589)  aays  it  almoet  completely 
inhibits  digestion. 

G.  T.  620. 

Trade  names. — Gallocyanin  DH  and  BS;  Fast  violet;  Gallocyanin 
RS,  BS,  and  D. 

ScieTUific  name. — Dimethylamido  dioxy  phenazoxoniumcarboxy- 
late.     (BS  is  the  bisulphite  compound.) 

Discovered  and  patented, — 1881. 

Shade. — ^Bluish  Violet.     Not  offered. 


Nothing. 


KAVORABLB. 


UNFAVORABLE. 


1.  Santori  {MoUschoU's  UnterauchuTxgen^  1895,  v.  15,  p.  51):  A  dog  weighing  5,400 
grams  received  7.5  grams  dye  in  30  days,  which  amounts  to  46  milligrams  per 
kilo  per  day  or  32  grains  per  100  pounds  per  day.  Throughout  all  the  time 
the  animal  remained  well,  had  good  appetite,  temperature  normal,  no  loss  of 
weight;  urine  and  feces  colored  deep  blue  black.  Killed  by  chloroform. 
Autopsy  showed  incipient  fatty  degeneration  of  the  liver  and  a  swelling  of  the 
kidneys.    Conclusion:  Poisonous. 

G.  T.  639. 

Trade  names. — Meldola's  Blue;  Cotton  Blue  R;  Fast  Navy  Blue 
R;  Naphthol  Blue  R  and  D;  Naphthylene  Blue  R  in  crystals;  Fast 
Blue  R,  2  R  and  3  R  for  cotton  in  crystals;  Fast  Navy  Blue  RM 
and  MM. 

Scientific  name. — ^Zinc  double  chlorid  of  dimethylamido-naphtho- 
phenoxazonium  chlorid. 

Discovered. — 1879. 

Shade. — Dark  Violet.     Not  offered. 

favorable. 
Kothing. 

UNFAVORABLE. 

1.  Chlopin  {pp,  194-195)  on  his  own  experiments  reports  this  color  as  **very  poison- 
ous."   The  experimental  data  are  as  follows: 
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'  Date. 

Dose. 

Wd^it, 

24  hours' 
urine. 

General  condition  of  animal  and  urine. 

lflQ2. 
Jan.  5... 

Onnu. 

JTilM. 

14. « 

ee. 
590 

Beiore  experiment  dog  quite  well;  urine  normal  In  color  and 
composition:  l  hour  after  eivinf  the  dye  vomiting  began; 
dog  lay  down  on  ground  and  died  In  1  hour. 

Total. 

3 

No.  2. 
{1  gram- 167  mg- 117  grains.] 


1902. 
Jan.   14 

3 
3 

e 

15 

Total. 

e 

Soon  after  giving  djre,  strong  vomitinf  and  diarrhea;  aftw  a  few 

hours  improvM. 
Most  violent  vomiting:  dog  lay  down  on  his  side,  and  was  found 

dead  in  6  hours. 


NoTX.— See  p.  181. 

2.  Santori  (MoUschoU*$  UnUrsuehungerif  1895,  v,  15,  p.  49):  A  dog  weighing  4,500 
grams  received  12.5  grains  dye  during  30  days;  this  amounts  to  93.3  milligrams 
per  kilo  per  day  or  65.3  grains  per  hundred  pounds  per  day.  Continued  vom- 
iting beginning  with  0.2  grams  dye,  anaemia  and  copious  as  well  as  continuous 
salivation  and  emaciation;  the  animal  lost  1,200  grams  in  weight  or  27  per 
cent.  Killed  by  chloroform;  autopsy  showed  no  fat,  flabby  muscles,  stomach 
contracted  and  filled  with  mucous  and  in  part  colored  pea  green;  fatty  degen- 
eration of  the  liver;  contracted  bladder;  kidneys  swollen  and  congested  with 
blood  and  decomposed  blood  corpuscles  in  the  Bowman  capsules. 

G.  T.  649. 

Trade  names, — Gentianin;  Gentiana  Violet. 

ScierUific  name. — ^Zinc  double  chlorids  of  dimethyldiamido  phe- 
nazthionium  chlorid. 
Discovered  and  patented. — 1886. 
Shade. — Violet.     Not  oflFered. 


Nothing. 


FAVORABLB. 


UNFAVORABLE. 


1.  Santori  {MoleschotVs  Untersuchungen,  1895,  v,  15,  p.  54):  A  dog  weighing  3,000 
grams  received  4.7  grams  of  dye  in  7  days,  which  amoimts  to  224  milligrams  per 
kilo  per  day  or  157  grains  per  100  poimds  per  day.  Beginning  with  the  third 
day  the  dog  appeared  weak  and  depressed  and  a  whitish  froth  appeared  at 
the  mouth;  mild  diarrhea  and  complete  aversion  to  food;  temperature  and 
urine  unchanged.  Died  on  seventh  day.  Autopsy  showed  congestion  of 
mucous  membrane  of  stomach;  the  liver  was  inflamed  and  the  kidneys  strongly 
congested. 
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G.  T.  650. 

Trade  names. — ^Methylene  Blue  B  and  BG;  Methylene  Blue  BB  in 
powder  extra  D;  Methylene  Blue  BB  in  powder  extra;  Methylene 
Blue  A  extra. 

Names  under  which  it  vxis  offered  on  (he  United  States  market  as  a 
food  color  in  1907. — Methylene  Blue  B;  Methylene  Blue. 

Scientific  name. — Chlorid  or  zinc  double-chlorid  of  tetramethyl- 
diamido-phenazthionium . 

Discovered, — 1876. 

Shade. — Blue.     Offered  by  2  out  of  12  sources. 

FAVORABLE. 

1.  ScHACHEBL  (p.  1046):  ''To  theee  groupe  belong  the  much-used  Methylene  Blue, 

which  in  moderate  doees  is  hannleas.'' 

2.  Fraenkel  (p.  674):  ***    *    *    Methylene  Blue  causes  no  noteworthy  disturb- 

ances." 

3.  Cazenextve  (Arch,  gin,  de.  mid.  1886 ,  v.  1,  p.  75S)  says  that  it  produces  gastric 

intestinal  derangements  but  is  not  a  violent  poison. 

UNFAVORABLE. 

1.  Prohibited  by  Confectioners*  List. 

2.  Wbtl  {p.  31):  ''Cazeneuve  and  Lupine  pointed  out  the  poisonous  nature  of 

♦    ♦    ♦    Methylene  Blue    ♦    ♦    ♦." 

3.  Fraenkel  (p.  679):  **To  regard  Methylene  Blue  as  a  specific  remedy  such  as 

quinin,  is,  in  spite  of  a  few  such  experiments,  improper;  it  produces  sub- 
sidiary effects  which  depend  in  part  upon  local  irritation  of  the  intestinal  tract, 
and  partly,  however,  upon  irritation  of  the  bladder  with  increased  micturi- 
tion." 

4.  Cazenextve  (Arch.  gin.  de  mid.  1886y  v.  1,  p.  758),  says  that  it  produces  gastric 

intestinal  derangements. 

5.  CoMBEMALE  and  Francois  (Sem.  Med.  1890,  no.  81,  p.  258),  say  that  it  produces 

intestinal  disorders  and  vomiting,  colored  urine,  and  colored  feces  in  dogs, 
and  therefore  is  a  highly  injurious  color. 

6.  Santori  (ifo2e»c^£t'«  Untersuchungen,  1895,  v.  15,  p.  42)  classes  it  as  injurious.    A 

dog  weighing  4,600  grams  received  in  20  days  18  grams  dye,  which  amounts  to 
196  milligrams  per  kilo  per  day,  or  137  grains  per  100  pounds  per  day.  Urine 
and  feces  colored;  diarrhea  and  continuous  vomiting;  blood  and  pus  contained 
in  stool;  loss  of  appetite;  loss  of  weight  was  1,600  grams,  or  35  per  cent.  Animal 
died.  Autopsy  disclosed  blue-colored  skin  and  fat;  brain  turned  blue  on 
exposure  to  air,  but  only  the  outer  cortex  was  colored;  stomachical  catarrh; 
the  mucous  membrane  of  the  stomach  colored  blue;  the  heart  sac  and  the 
pleura  colored  blue  to  blue-green;  intestines  externally  blue;  kidneys  were 
thickened  and  colored  dark  blue  throughout;  parenchymatous  kidney  inflam- 
mation; fatty  degeneration  of  the  liver;  diaphragm  locally  colored. 

7.  ARLoma  and  Cazenbuve,  quoting  Cazeneuve  and  Lupine  (Arch,  de  mid.  v.  9^ 

p.  364),  say  that  it  is  not  inactive. 

8.  Forbidden  by  Resolutions  of  Swiss  Analytical  Chemists,  September,  1891. 
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9.  Galliard  (Rev.  intern,  dee  faUifioaiioni:  ahsi.  Hygien.  Runsdach.  189t,  p.  104)'. 
"Methylene  Blue,  which  Ib  frequently  used  for  coloring  foods,  can  cause,  even 
in  small  doses  (10  to  20  milligrams,  or  one-sixth  to  one- third  of  a  grain),  a  feel- 
ing of  general  depression,  nausea,  and  certain  feelings  of  pain,  and  can  even 
produce  transitory  albuminuria.  In  larger  doses  (40  to  60  milligrams,  or  six- 
tenths  to  nine-tenths  of  a  grain),  it  causes  in  the  case  of  persons  not  accustomed 
thereto,  vomiting,  diarrhea,  increased  mictiuition,  and  albuminiuia.  In  the 
case  of  persona  8u£fering  from  nervous  diseases,  it  frequently  produces  disturb- 
ance which  has  as  its  consequence  a  cessation  or  a  change  of  place  of  the  pain. 
Sometimes  it  produces  painlessness,  or  an  easing  of  pain  in  the  patient,  Ux 
which  no  certain  therapeutic  indication  could  be  determined.'' 

10.  Wbtl  (Handbuch  der  Hygiene)  comments  as  follows:  "These  statements  of  Gal- 

liard arouse  but  little  confidence,  because,  as  is  well  known.  Methylene  Blue 
is  very  frequently  administered  to  invalids  in  doses  of  more  than  0.5  gram 
without  any  noticeable  disturbance.  Perhaps  Galliard 's  preparation  was 
unclean.  At  any  rate,  in  all  experiments  on  the  poisonous  nature  of  Methylene 
Blue  it  is  to  be  considered  that  it  frequently  occurs  in  commerce  as  a  zinc 
chlorid  double  salt.'' 

11.  Lbwin  (Lehrbueh  der  Toxikologie,  1897,  p.  2St)\  "Methylene  Blue    ♦    ♦    •    can 

produce  after  prolonged  administration  of  0.5-1.5  gram  daily  increased  micturi- 
tion, irritation  of  the  bladder,  blue  coloration  of  the  urine,  and  saliva,  diarrhea, 
headaches,  vertigo,  delirium,  and  twitching  of  the  muscles,  the  latter  symp- 
toms probably  because  the  coloring  matter  is  deposited  in  the  brain." 

12.  Buss  lists  it  as  poisonous. 

G.  T.  651. 

Trade  name. — ^Methylene  Green  G  cone,  extra  yellow  shade. 
Scientifie  name. — Nitromethylene  Blue. 
Discovered  and  patented. — 1886. 
Shade. — Green.    Not  offered. 

FAVORABLE. 

Nothing. 

UNFAVORABLE. 

1.  Chlopin  (pp.  192-193)  examined  this  color,  and  on  his  own  experiments  concludes 
that  it  is  '*nonpoisonous,  but  somewhat  suspicious.'*  The  experimental  data 
are  as  follows: 

Experimental  data  by  Chlopin. 

No.  1. 
[1  Knim=71  mg=50  grains.] 


D.U.    I     Do«.     I  Wright.  \^*^^' 


General  condition  of  animal  and  urine. 


1901. 
Apr.  24 
25 


Onmt.      KUm.  oc 

2  I  14  580 


Dof;  well;  urine  normal, 
l^rine  dark  green;  acid:  no  albumen. 
26 Trine  less  colored;  acid;  traces  of  albumen. 

28  I  2 '  No  record. 

29 ,  Urine  dark  brown;  no  albumen;  add. 

30  1  486  I         Do. 

Hay    2 Color  normal;  add;  no  albumen. 

Total.;  4  I 

I I 1 I 


Digitized  by 


Google 


144 


COALrTAB  COLORS  USED  IN  POOD  PB0DUGT8. 

Experimental  data  by  Chlopin — Continued. 

No.  2. 

[1  gnm=122  mg^=86  grains.) 


Date. 

Dose. 

Weight 

24  hours' 
urine. 

General  condition  of  animal  and  urine. 

10OL 
Nov.  25 
26 

Oratna. 
3 
3 
3 
3 
3 

KUoa. 
&2 

cc. 
430 
445 

450 
410 
440 

Dog  well;  urine  normal. 
Urine  strongly  green;  no  albumen. 
Do. 

27 

28 
29 

Diarrhea:  urine  green;  acid;  no  albumen. 
No  diarrhea;  urine  same. 

Dec.  1-2 

Color  normal;  acid;  no  albumen;  dog  lively  and  well. 

Total. 

15 

DOUBTFUL. 

1.  WiNOORADOW  {Zts.  Nahr.  Genussm.f  190.3 ,  r.  6,  p,  589),  says  it  noticeably  retards 
digestive  action;  is  not  indifferent. 

G.  T.  654. 

Trade  name. — Toluidin  Blue  O. 

Scientific   name. — Zinc-double-clilorid    of    dimethyl-diamido-tolu- 
phenazthonium-chlorid . 

Discovered  and  patented. — 1888. 
Shade. — Blue.     Not  offered. 


Nothing. 


FAVORABLE. 


UNFAVORABLE. 


1.  Fraenkel(p.  574):  "Toluidin   Blue    ♦    *    ♦    is  a  strong  poison   for  micro* 
organisms,  and  may  be  used  in  eye  treatment,  like  Methylene  Blue." 

G.  T.  659. 

Tradenames. — ^Primulin;  Thiochromogen;  Sulphin;  Polychromin; 
Aureolin. 

Scientific  name. — Sodium  salt  of  the  mono-sulphonic  acids  of  the 
dehydrothionated  condensation  products  of  dehydrothiotoluidin 
(mixed  with  some  sodium  dehydrothiotoluidin-sulphonate). 

Discovered. — 1887. 

Shade. — Yellow.     Not  offered. 


Nothing. 


favorable. 


UNFAVORABLE. 


1.  Chlopin  (p.  tOS)  examined  this  color,  and  on  his  own  experiments  rep<Mt8  it  i 
''suspicious.'*    The  experimental  data  are  as  follows: 
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JHtB. 

Dose. 

Weight. 

24  hours' 
urine. 

General  oonditioa  of  animal  and  urine. 

1902. 
lUr.  21 

22 

Onnu. 
2.0 

Kao$. 

6.5 

ee. 
292 
294 
355 
260 

Doe  and  urine  normal. 

Urme  dark  brown:  iniUgniflcant  tracew  of  albutnen;  acid. 

23 

3.0 
»0.5 

Color  normal:  no  idbumen. 

24 
25 

6.3 

Urine  dark  brown;  acid;  no  albumen. 
Do. 

26 

No  albumen;  dark-brown  color;  dog  has  lassitude;  does  not  eat 

27 

291 

bread  nor  take  milk,  only  a  UtUe  meat. 
No  albumen;  dark-brown  color;  dog  has  lassitude;  dog  eats 

little. 
At  the  point  of  injection  an  abscess  appears;  urine  acid;  no 

albumen;  yriiow  color. 
Urine  acid;  no  albumen;  yellow  color;  dog  eats  more. 
Urine  acid;  no  albumen;  yellow  ooIot;  abeoess  broke. 

28 

29 

270 
205 
280 

30 

Apr.    2 

Urine  normal;  appetite  almost  normal. 

Total. 

/       «5.0 
\      «0.5 

^  By  mouth. 


'  Subcutaneously. 


2.  See  alw  ('hlopiv  (Zt4.  Nahr,  Genussm.,  190'2,  v.  5,  p.  241). 


DOUBTPUL. 


1.  Winoc;rai>ow  (Zts.  NtiJtr.  Genussm.y  190Sy  v.  6,  p.  589)  sayn  it  noticeably  retards 
digestive  action;  i-»  not  indifferent. 

G.  T.  667. 

Trade  names. — Quiiiolin  Yellow;    Quinolin  Yellow,  water-soluble. 

Name  under  which  it  was  offered  on  the  United  States  market  as  a 
food  color  in  1907. — Chinolin  Yellow  O. 

Scientific  name. — Sodium  salt  of  the  sulphonic  acid  (chiefly 
dlsulphonic  acid)  of  quinophthalone. 

Discovered. — 1882. 

Shade. — Greenish  Yellow.     Offered  by  1  out  of  12  sources. 


Nothing. 


FAVORABLE. 


UNFAVORABLE. 


1.  Chlopin  (p.  f05)  on  his  own  experiments  reports  this  color  as  ''suspicious.''    The 
experimental  data  are  as  follows: 

Experimental  data  by  Chlopin. 

No.  1. 
[1  gram'-44  mg—Sl  grains.] 


Date. 

Doee. 

Weight. 

24  hours' 
urine. 

General  condition  of  animal  and  urine. 

1902. 
Mar.  19 

30 

Oranu. 
3.00 

Kilot. 
33.6 

ee. 
730 
720 
740 

Before  experiment  dog  and  urine  normal. 
Urine  dark  brown;  traces  albumen;  acid. 

21 

Color  of  urine  normal;  no  albumen. 

33 

Do. 

97291^— Bull.  147—12 10 


Digitized  by 


Google 


146  COAL-TAR  COLORS   USED  IN   FOOD  PRODUCTS. 

Experimental  data  by  Chlopin — Contioued. 


Date. 

Dose. 

Weight. 

24  hours' 
urine. 

General  condition  of  animal  and  urine. 

1902. 
liar.  23 

24 

Oram*. 
0.75 

Kilos. 
21.4 

ce. 
750 

Urine  dark  brown;  no  albumen. 
Dog  eaU  nothing. 
Do. 

2,^ 

603 
725 

2U 

Do. 

27 

Dog  eat«  nothing;  eats  poorly;  albumen  in  urine. 
Dog  eats  nothing;  rather  much  albumen. 
Do. 

28 

29 

30 

Do. 

Apr.     2 

Dog  eats  nothing;  traces  of  albumen. 

13.00 

710 

Color  of  urine  almost  normal;  insigniflcant  traces  of  albumen. 

5 

Urine  yellow  brown;  traces  of  albumen;  appetite  normal. 
Urine  yellow  brown;  no  albumen. 

6 

8 

700 

Urine  and  dog  nonnal. 

Total.. 

/     '6.00 
\     «0.75 

No.  2. 
[1  gram- 133  mg— 83  grains.] 


1903. 

ICar.  3  3.00 

4  3.00 

5  I  3.00 

6  '  2.00 


Total. 


00 


7.5 


320 
300 
300 


Before  experiment  dog  quite  well,  and  urine  nonnal. 
Color  dark  yellow;  no  albumen;  general  condition  normal. 
Color  yellower  than  normal;  add;  no  albumen. 
Do. 


1  By  mouth. 


■  Subcutaneously. 


DOUBTFUL. 


1.  WiNOGRADow  (Zts.  Nokr.  Genussm.f  1903^  v.  6,  p.  589)  says  it  noticeably  retards 
digestive  action;  is  not  indifferent. 

G.  T.  670. 

Trade  names. — Vidal  Black;  Vidal  Black  S. 
Scientific   name. — Possibly    the    sulpho-hydro    derivative   of   a 
polythiazin. 

Discovered. — 1893. 

Shade. — Green.     Not  offered. 


Nothing. 


FAVORABLB. 
UNFAVORABLE. 


1.  Chlopin  (p.  208)  examined  this  color,  and  on  his  own  experiments  classes  it  as 
"  very  harmful.  '*    The  experimental  data  are  as  follows: 

Experimental  data  by  Chlopin. 
[1  gram— 132  mg»92  grains.] 


Daie. 

Dose. 

Weight. 

24  hours' 
urine. 

General  condition  of  animal  and  urine. 

1901. 
Dec.  29 

30 

GrafiM. 
2 

3 

Kihi. 
7.6 

oc. 
380 

390 

Before  experiment  dog  quite  normal;  soon  after  taking  dye 

Tomited  twice. 
General  condition  good;  do  vomiting;  urine  turbid,  alkaUne;  no 

albumen. 
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Date. 

Dose. 

Wel^t. 

24bours' 
urine. 

General  oondition  of  animal  and  urine. 

1901. 
Deo.  31 

^Gramt. 
3 

3 

KUo$. 

ec. 

Vomited  Boon  after  getting  dye;  appetite  less;  no  albumen. 

Urine  turbid;  scarcely  noticeable  blaokiAh  sheen;  green  with  sul- 
phuric and  hydrochloric  acid. 
Do. 

19Q2. 
Jan.     1 

2 

7 

309 
370 

4 

3 
3 

Vomited  all  day  after  taking  dye;  eate  little;  no  albumen. 

5 

Violent  and  prolonged  vomiting  and  diarrhea;  condition  piti- 
able;  further  ei  ving  of  dye  stopped,  so  as  not  to  kill  the  animal. 
Vomiting  and  diarrhea  continue. 
Vomiting  and  diarrhea  stopped. 
Dog  is  livelier,  and  begin  ^  fo  eat. 
Dog  looks  well;  urine  normal  in  color;  add;  no  albumen. 

ft-7 

8 

»-ll 

( 

13 

Total.. 

17 

G.  T.  675. 

Trade  names. — ^Thiocatechin;  Thiocatechin  S. 
Shade, — Brown.     Not  offered. 


Nothiiijr. 


FAVORABLE. 


UNFAVORABLE. 


1.  Chlopin  {pp.  210,  211)  examined  this  color  and  classes  it  as  "very  poisonous.'' 
The  experimental  data  are  as  follows: 

Experimental  data  by  Chlopin. 
[1  gram— 128  mg— 90  grains.] 


Date. 

Dose. 

Weight. 

24  hours' 
urine. 

General  oondition  of  animal  and  urine. 

19Q2. 
Feb.  13 

14 

Oravu. 
2.4 

2.0 
0.5 

Kilo*. 
7.8 

ce. 
300 

290 

Before  experiment  dog  and  urine  quite  normal;  10  or  15  minutes 
after  giving  dye  dog  fell  on  one  side,  limbe  extended,  stomach 
drawn  in;  small  and  Itvquent  convulsions;  retching;  then 
abundant  vomiting,  same  color  as  dye;  soon  after  vomiUng  dog 
got  up  and  walked  as  If  drunk;  hind  legs  tend  to  collapse;  sali- 
vation. 

fit;  oonvulsions  of  the  extremities,  which  soon  ceased,  but  the 
dog  still  lay  stretched  out,  with  open  eyes,  which  reacted  to 
light;  toneue  hanging  out  to  one  ride;  after  10  or  15  mlnutea 
vomiting  began;  dog  still  lying  on  one  aide,  assumed  a  more 
normal  attitude;  15  minutes  later  dog  got  up,  walked  as  If 
drunk;  poor  control  over  hind  legs. 

Vomits  at  once  after  getting  dye,  but  remained  standing. 

Dog  appears  depressed,  but  eats. 

Dog  quite  well;  urine  usual  normal  color;  no  albumen. 

15 

16 

18 

Total.. 

4.9 

G.  T.  689. 

Trade  names. — Indigo;  Indigo  Pure  BASF. 
Scientific  name, — Indigotin. 
Shade. — Blue.    Not  oflfered. 
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FAVORABLE. 


1.  Permitted  by  Confectioners*  List. 

2.  Permitted  by  the  law  of  Italy. 

UNFAVORABLE. 

1.  Fraenkel  (p.  571):  "However,  pure  Indigo,  according  to  Robert,  is,  in  finely 
divided  condition,  a  violent  local  irritant." 

G.  T.  692. 

Trade  names. — Indigo  Carmine;  Indigo  Extract;  Indigotin. 

Names  under  which  it  vxis  offered  on  the  United  States  marJcet  as  a 
food  color  in  1907, — Indigo  Carmine  Powder  IN;  Indigotin;  Indi- 
gotin A. 

Scientific  name. — Sodium  salt  of  Indigotin  disulphonic  acid  or  the 
free  acid. 

Discovered. — 1740. 

Shade. — Blue.     Offered  by  3  out  of  12  sources. 

FAVORABLE. 

1.  ScHACHERL  (p.  1046):  **  No  objection  to  its  use." 

2.  Santo Ri  (Moleschott's  Untenuchungen,  1895,  v.  15,  p.  41):  A  dog  weighing  4,500 

grams  received  90  grams  dye  in  30  days;  vomited  twice  during  the  examina- 
tion; no  change  in  weight;  animal  killed  with  chl(m)form;  autopsy  showed 
slight  dull  swelling  in  the  epithelium  and  convoluted  canals  of  the  kidneys. 
This  dosage  amounts  to  667  milligrams  per  kilo  per  day,  or  467  grains  per  100 
pounds  per  day.    Classes  it  as  harmless. 

ALPHABETICAL   INDEX   OF  TRADE   NAMES  OF   COAL-TAR   COLORS. 

The  following  list  of  the  trade  names  of  coal-tar  colors  appearing 
in  the  foregoing  compilation  on  physiological  action  is  complete 
when  supplemented  by  the  list  of  23  colors  given  on  page  227; 
Green  Table  numbers  in  parenthesis. 


Acetin  Blue  (599). 
Acid  Brown  (138). 
Acid  Green  (434, 435). 
Acid  Green  ex.  cone.  (435). 
Acid  Green  cone.  (435). 
Acid  Green  cone.  VN  (435). 
Acid  Green  cone.  780  (435). 
Acid  Fuchsin  (462). 
Acid  Magenta  (462). 
Acid  Magenta  powd.  (462). 
Acid  Rosein  (462). 
Acid  Rubin  (462). 
Acid  Violet  (467). 
Acid  Violet  6  B  (467). 
Acid  Yellow  (8). 
Acid  Yellow  AT  (94). 
Acid  Yellow  D  (88). 


Acid  Yellow  G  (8). 
Acid  Yellow  G  pat.  (8). 
Acme  Yellow  (84). 
Alizarin  Blue  ABS  (563). 
Alizarin  Blue  S  (563). 
Alizarin  Green  (527). 
Alphanaphthol  Orange  (85). 
Alsace  Green  (394). 
Amaranth  (107). 
Amaranth  B  (107). 
Anilein  (593). 
Anilin  Blue  Sp.  Sol.  (467). 
Anilin  Orange  (2). 
Anilin  Purple  (593). 
Anilin  Red  (448). 
Anilin  Yellow  (4). 
AnUin  Yellow  8  (4). 
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Anthracene  Green  (527). 

Anthiacene  Blue  S  (563). 

Archil  Subfltitute  V  (28). 

Adas  Orange  (86). 

Auzamin  (425). 

Auiamin  O  (425). 

Auiantia  (6). 

Aureolin  (659). 

Aurin  (483). 

Azalein  (408). 

Azarin  8  (70). 

Azin  Blue,  spirit  soluble  (589). 

Azo  Acid  Rubin  (103). 

Azo  Acid  Yellow  (92). 

Azo  Blue  (287). 

Azo  Flavin  (92). 

Azo  Fucluin  G  (93). 

Azo  Rubin  (103). 

Azo  Rubin  A  (103). 

Azo  Rubin  S  (103). 

Bavarian  Blue  DBF  (479). 

Bavarian  Blue  DSF  (478). 

Bengal  Blue  (602). 

Bengal  Green  (427). 

Benzoflavin  (530). 

Benzopurpurin  4B  (277). 

Betanaphthol  Orange  (86). 

Biebrich  Scarlet  (163). 

Bismarck  Brewn  (197). 

Bismarck  Brewn  R  (201). 

Bitter-almond-oil  Green  (427). 

Bleu  de  Nuit  (457). 

Bleu  Lumi^re  (457). 

Bleu  Marine  (480). 

Bordeaux  B  (65). 

Bordeaux  B  L  (65). 

Bordeaux  R  ext.  (65). 

Bordeaux  S  (107). 

Brilliant  Black  B  (188). 

Brillant  Ootton  Blue,  greenish  (479). 

Brilliant  Green  (428). 

Brilliant  Orange  (13). 

Brilliant  Scarlet  (106). 

Brilliant  Scarlet  4R  (106). 

Brilliant  YeUow  (5). 

Brilliant  Yellow  8(89). 

Butter  Yellow  (16). 

Canary  YeUow  (425). 

Carbazotic  Acid  (1). 

Caidinal  3B  (103). 

Canninaph  (11). 

Garmoisin  (103). 

Carmoisin  B  (103). 


Gerasin  (102). 
Gerasm  Orange  I  (11). 
China  Blue  (480). 
Chlorin  (394). 
Chrome  Violet  (593). 
Chrysamin  R  (269). 
Chiysaurein  (86). 
Chryseolin  (84). 

Chrysoidin  Crystals  (17, 18,  41). 
Chrysoidin  R  (17, 18,  41). 
Chrysoidin  Y  (17, 18,  41). 
Chrysoin  (84). 
Chrysoin  REZ  (84). 
Cinnamon  Brewn  (197). 
Citronin  (4). 
Claret  Red  (65). 
Claret  Red  RZ  (103, 106, 107). 
Ccerulein  8  (527). 
Cochmeal  Red  A  (106). 
Congo  Red  (240). 
Cotton  Blue  (480). 
Cotton  Blue  R  (639). 
Cotton  Red  4B  (277). 
Coupier's  Blue  (600). 
Crocein  Orange  (13). 
Crocein  Orange  10234  (13). 
Crocein  Orange  G  (13). 
Crocein  Scarlet  (106). 
Crocein  Scarlet  3B  (160). 
Crocein  Scarlet  4BX  (106). 
Crocein  Scarlet  7B  (169). 
Crocein  Scarlet  8B  (169). 
Curcumin  (89). 
Curcumin  S  (399). 
Dahlia  (450, 451). 
Dark  Green  (394). 
Diamond  Green  B  (427). 
Dianthin  G  (516). 
Dinitro-cresol  (2). 
Dinitrosoresorcin  (394). 
Diphenylamin  Blue  (479). 
Diphenylamin  orange  (88). 
Direct  Gray  (576). 
Direct  Violet  (451). 
Emerald  Green  (428). 
Emerald  Green  cryst.  (428). 
English  Brown  (197). 
Eosin  (512). 
Eosin  A  (512). 
Eosin  A  ex.  (512). 
Eosin  B  (512). 
Eosin  bluish  (517). 
Eosin  G  G  F  (512). 
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Eosin  J  (512,  617). 

Eosin  10  B  (521). 

Eoein  3J  <&  4J  ext.  (512). 

Eosin  Y  (612). 

Eoein  Yellowish  (512). 

Erika  B  (78). 

Erythrobenzin  (448). 

Erytlirosin  (517). 

Erythrosin  B  (517). 

Erythrosin  D  (517). 

Erythrosin  G  (516). 

Erythrosin  yellow  shade  (517). 

Ethyl  Green  (428). 

Fast  Blue  (477). 

Fast  Blue  B,  spirit  soluble  (599). 

Fast  Blue  R  and  3R  (601). 

Fast  Blue  R,  spirit  soluble  (599). 

Fast  Blue  2R,  B,  and  6B  (601). 

Fast  Blue  R,  2R,  and  3R  (639). 

Fast  Brown  G  (138). 

Fast  Green  (427). 

Fast  Green  J  (428). 

Fast  Green  0  (394). 

Fast  Myrtle  Green  (394). 

Fast  Navy  Blue  R  (639). 

Fast  Navy  Blue  RM  and  MM  (639). 

Fast  Ponceau  B  (163). 

Fast  Red  (102,  105). 

Fast  Red  C  (103). 

Fast  Red  D  (107). 

Fast  Red  EB  (107). 

Fast  Violet  (620). 

Fast  Yellow  (4,  8,  9,  88). 

Fast  Yellow  extra  (8). 

Fast  Yellow  G  (8). 

Fast  Yellow  053  (8). 

Fast  Yellow  R  (9). 

Fine  Blue  (457). 

Fuchsiacin  (448). 

Fuchsin  (448). 

Fuchsin  cryst.  (448). 

Fuchsin  S  (462). 

Gallocyanin  DH  and  BS  (620). 

Gallocyanin  RS,  BS,  and  D  (620). 

Gentian  Blue  6B  (457). 

Gentiana  Violet  (649). 

Gentianin  (649). 

Gold  Orange  (86). 

Gold  Yellow  (84). 

Golden  Yellow  (2,  3). 

Gray  R  and  B  (602). 

Green  E  (428). 

Green  087  (428). 

Guinea  Green  (433). 


Hannalin  (448). 

Helianthin  (87). 

Helvetia  Blue  (479). 

Hessian  Blue  (467). 

Hohnann  Violet  (450). 

Hydrazin  YeUow  (94). 

Imperial  Scarlet  (163). 

Imperial  Yellow  (6). 

Indigen  D  and  F  (599). 

Indigo  (689). 

Indigo  Carmine  (692). 

Indigo  Carmine  powd.  IN  i 

Indigo  extract  (692). 

Indigo  pure  BASF  (689). 

Indigotin  (692). 

Indigotin  A  (692). 

Indisin  (593). 

Indisin  R  and  B  (601). 

Indophenol  (572). 

Indophenol  white  (572). 

Indulin  opal.  (599). 

Indulin  sol.  (601). 

Indulin,  spirit  soluble  (699). 

Indulin  3B  opal.  (599). 

Indulin  6B  opal.  (599). 

Indulin  3B  sp.  sol.  (599). 

Indulin  6B  sp.  sol.  (599). 

Indulin  3B  (601). 

Indulin  6B  (601). 

lodeoein  B  (517). 

lodeosin  G  (516). 

lodin  Green  (459). 

lodin  Violet  (450). 

Jaune  Acido  (4,  8). 

Jaune  Acide  C  (4). 

Jaune  Naphthol  (3). 

Jaune  d*Or  (3). 

Jaune  d'Orient  (516). 

Jaune  Soleil  (399). 

Kaiser  Yellow  (6).       ' 

Kermesin  Orange  (97). 

Leather  Brown  (197). 

Leather  Yellow  (532). 

Lemon  Yellow  (4). 

Light  Green  S  F  bluish  (434). 

Light  Green  S  F  yellow  shade  (436). 

London  Blue  extra  (480) 

Magdala  Red  (614). 

Magenta  (448). 

Magenta  F  A  B  S  Red  (448). 

Magenta  Powder  A  (448). 

Maize  (399). 

Malachite  Green  (427). 

Malachite  Green  B  (427-428). 
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Malta  Gray  (576). 
Manchester  Brown  (197). 
Mancheeter  Brown  E£  (201). 
Manchester  YeUow  (3). 
Mandarin  G  R  (97). 
Mandarin  G  ext.  (86). 
Martins  YeUow  (3). 
Mauve  (593). 
Mauve  Dye  (593). 
Mauvein  (593). 
Meldola's  Blue  (639). 
Metanil  YeUow  (95). 
Methyl  Blue  water  soluble  (478). 
Methyl  Blue  for  silk  MLB  (478). 
Methyl  Blue  O  (479). 
Methyl  Violet  (451). 
Methyl  Violet  B  (451). 
Methyl  Violet  BB  ext.  (451). 
Methyl  Violet  3  BD  (451). 
Methylene  Blue  (650). 
Methylene  Blue  A  ext.  (650). 
Methylene  Blue  B  and  BG  (650). 
Methylene  Blue  B  D  (650). 
Methylene  Blue  BB  extra  (650). 
Methylene  Blue  BB  extra  D  (650). 
Methylene  Gray  (576). 
Methylene  Green  G.  cone.  ext.  (651). 
Naphthalene  Fink  (614). 
Naphthalene  Red  (614). 
Nai^thalene  Rose  (614). 
Naphthol  Black  B  (188). 
Nai^thol  Black  BDF  (188). 
Naphthol  Blue  R&D  (639). 
Naphthol  Green  (398). 
Naphthol  Green  B  (398). 
Naphthol  Change  (85). 
Naphthol  Red  S  (107). 
Naphthol  YeUow  (3,  4). 
Naphthol  Yellow  L  (4). 
Naphthol  Yellow  8(4, 5). 
Naphthol  YeUow  SLOZ  (4, 86). 
Naphthylamin  YeUow  (3). 
Naphthylene  YeUow  (2). 
Navy  Blue  B  (478). 
New  Coccin  (106). 
New  Gray  (576). 
New  Green  (427). 
New  Methylene  Gray  (576). 
New  Red  L  (163). 
New  Victoria  Green  (427, 428). 
New  YeUow  (88). 
New  YeUow  L  (8). 
Nicholson  Blue  (477). 
.  Nis^t  Green  (459). 


Nigrosin  (576). 

Nigrosin  sol.  (602). 

Nigrosin  sp.  sol.  (600). 

Nitrodiphenylainin  (6). 

Nitromethylene  Blue  (651). 

Oil  Black  (600). 

Oil  Orange  7078  (11). 

Oil  Yellow  (16). 

Opal  Blue  (457). 

Orange  (86). 

Orange  I  (85). 

Orange  II  (86). 

Orange  III  (87). 

Orange  IV  (88). 

Orange  A  (86). 

Orange  A  extra  (86). 

Orange  Brown  (17, 18,  41). 

Orange  A  1201  (86). 

Orange  B  (85). 

Orange  extra  (86). 

Orange  G  (14). 

Orange  GG  (14). 

Orange  GG  Crystals  (14). 

Orange  GRX  (13). 

Orange  GS  (88). 

Orange  GT  (43).  ' 

Orange  M  (88). 

Orange  MN  (95). 

Orange  N  (43,88). 

Orange  0  27  (85). 

Orange  0  (43). 

Orange  R  (15, 55, 97). 

Orange  RN  (43). 

Orange  RZ  (85). 

Orange  T  (97). 

Orange  2  R  (97). 

Orange  Y  (86). 

OfceUin  No.  4  (102). 

Ptois  Violet  (451). 

Phenylene  Brown  (197). 

Philadelphia  Yellow  G  (532). 

Phloxin(521). 

PhloxinTA(521). 

Phosphin  (532). 

Picric  Acid  (1). 

Pistachio  (435). 

Polychromin  (659). 

Pomona  Green  (459). 

Ponceau  B  (163). 

Ponceau  4  GB  (13). 

Ponceau  4  RB  (160). 

Ponceau  G  and  GR  (55). 

Ponceau  R  (55). 

Ponceau  3  RB  (163). 
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Ponceau  2  G  (15). 

Ponceau  2  R  (55). 

Ponceau  6  RB  (169). 

Primula  (450). 

Primulin  (659). 

Printing  Blue  (599). 

Pure  Soluble  Blue  (480). 

Pyoctanin  Aureum  (425). 

Pyoctanin  (451). 

Pyroain  B  (517). 

Pyrofiin  J  (516). 

Quinolin  Yellow,  water-soluble  (067). 

Quinolin  Yellow  (667). 

Rauracienne  (102). 

Red  (107). 

Red  Violet  5  R  extra  (460). 

Reeorcin  Yellow  (84). 

Re8orcein0275(84). 

Rhodamin  (504). 

Rhodamin  B  (504). 

Rhodamin  O  (504). 

Rhodamin  B  extra  (504). 

Rhodamin  G  and  G  extra  (502). 

Roccellin  (102). 

Rose  Bengal  (520). 

Rose  Bengal  AT  (520). 

Roee  Bengal  G  (520). 

Rose  Bengal  N  (520). 

Rosein  (448). 

Roeolic  acid  (483). 

Rubianite  (448). 

Rubidin  (102). 

Rubin  (448). 

Rubin  S  (462). 

Russian  Green  (394). 

Saffron  Substitute  (2). 

Saffron  Yellow  (3,  4). 

Safranilin  (504). 

Safranin  (584). 

Safranin  AG,  AGT,  and  OOF.  (684). 

Safranin  Cone.  (584). 

Safranin  extra  G  (584). 

Safranin  FF  extra  (584). 

Safranin  GOO.  (584). 

Safranin  S.  (584). 

Safranin  SP.  (584). 

Safranin  T.  (584). 

Scarlet  (55). 

Scarlet  L.  (106). 

Sloelin  (600). 

Sloelin  RS.  and  BS.  (601). 

Solferino  (448). 

SoUd  Yellow  (4). 

Soluble  Blue  (480). 

Spirit  Black  (600). 


Spirit  Blue  (457). 

Soluble  Blue  8  B.  (479). 

Soluble  Blue  10  B.  (479). 

Soluble  Blue  XL.  (479). 

Succinic  (4). 

Sudan  I  (11). 

Sudan  Red  (614). 

Sulphin  (659). 

Sulphin  Yellow  (4). 

Sulphonaphthol  Acid  Yellow  (4). 

Sultan  Red  4  B.  (277). 

Sun  YeUow  (399). 

Tartrazin  (94). 

Thio  Catechin  (675). 

Thio  Catechin  S.  (675). 

Toluidin  Blue  O.  (654). 

Tropceolin  D.  (87). 

Tropceolin  G.  (95). 

Tropaeolin  0  (84). 

Tropaeolin  00  (88). 

Tropaeolin  000  (85). 

Tropaeolin  000  No.  2  (86). 

Tropaeolin  R  (84). 

Urwl  D.  (574). 

Urwl  DD.  (574). 

Ureol  P.  (574). 

Vert  Diamant  (427). 

Vert  Lumi^  (459). 

Vesuvin  (197). 

Vesuvin  B.  (201). 

Victoria  Blue  B.  (488). 

Victoria  Blue  4  R.  (490). 

Victoria  Orange  (2). 

Victoria  Yellow  (2). 

Victoria  Yellow  Cone.  Z.  (96). 

Vidal  Black  (670). 

Vidal  Black  S.  (670). 

Violein  (593). 

Violet  de  Methylanilin  (461). 

Violet  R.  (450). 

Violet  RR.  (450). 

Violet  5  R.  (450). 

Water  Black  (166). 

Water  Blue  6  B  extra  (480). 

Water  Blue  (480). 

Xanthin  (532). 

XL  Soluble  Blue  (479). 

XyUdin  Red  (56). 

Xylidin  Scarlet  (55). 

YeUow  Corallin  (483). 

YeUow  FY.  (4). 

Yellow  MXX  Cone.  (96). 

Yellow  W  (9). 

Yellow  WR.  (89). 
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X.  BOSAGE  ASD  STKPTOMS. 

OONFBCTIONEBS'  LIST  AS  A  BASIS  FOB  A  BX7LE. 

CoDsidering  the  Confectioners'  List  of  1899  as  a  correct  guide  as  to 
which  colors  are  harmful  and  which  are  harmless,  the  attempt  has 
been  made  to  determine  how  far  dosage  and  the  corresponding 
physiological  effects  may  serve  as  a  guide  in  determining  which  colors, 
other  than  those  enumerated  in  either  portion  of  the  Confectioners' 
List,  are  harmful  or  harmless.      (See  p.  48.) 

To  this  end  the  available  literature  has  been  searched  and  classified, 
and  wherever  it  was  possible  to  arrive  at  any  conclusion  as  to  the 
actual  dose  or  the  average  dose  over  a  stated  period  of  time,  and  the 
corresponding  physiological  observations,  these  data  have  been  sepa- 
rated and  brought  together  for  the  purpose  of  making  comparisons 
and  deductions  therefrom. 

It  was  thought  that  the  literature  would  show  that  if  a  dog  or  other 
animal  is  killed  by  a  certain  given  amount  of  color  per  100  pounds  of 
body  weight  of  the  animal  that  such  color  is  always  harmful;  that  if 
untoward  effects,  such  as  vomiting,  diarrhea,  weakness,  and  general 
depression,  are  caused  by  more  than  a  certain  weight  of  color  per  100 
pounds  body  weight  of  the  animal,  such  color  is  always  regarded  ad 
harmless. 

The  classification  of  the  available  literature  and  the  conclusions 
therefrom  are  as  follows: 

Of  the  33  coal-tar  colors  listed  as  harmless  in  the  Confectioners' 
List,  10,  namely,  G.  T.  4,  9,  55,  65,  85,  103,  105,  107,  448,  and  462, 
have  been  tested  on  humans,  while  the  conclusion  as  to  the  remaining 
23  is  reached  by  the  effects  observed  on  dogs  alone.  However,  con- 
tradictory statements  are  recorded  in  the  case  of  No.  9,  and  none  of 
these  tests  was  of  long-continued  duration,  but,  on  the  contrary,  in 
many  cases  the  time  covered  was  exceedingly  short,  and  the  conclu. 
sions  deduced  are,  therefore,  not  necessarily  final  nor  correct.  It 
should  be  further  noted  that  Nos.  95  and  106,  reported  as  nonpoi- 
sonous  to  humans,  are  in  the  harmful  section  of  this  Confectioners' 
List. 

I.  Those  colors  which  produced  no  effect  are  as  follows  (the  num- 
ber of  grains  given  is  the  amount  administered  per  100  pounds  body 
weight;  where  the  data  permitted,  the  number  of  days'  duration  of 
the  experiment  is  also  given: 

Oralns. 

5.  Brilliant  Yellow  8 632 

13.  Poiiceau4GB 113 

621.  Phloxin 100 

621.  Fhloxui 300 
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II.  Those  colors  which  in  some  cases  produced  no  effect,  and  in 
others  produced  effects,  are  as  follows: 

4.  Naphthol  Yellow  S: 

395  grains  produced  diarrhea  and  no  albuminuria. 
292  grains  produced  albuminuria. 

116  grains  for  25  days  produced  no  effect. 

25  grains  for  2  weeks,  on  alternate  days,  produced  no  effect. 
8  and  9.  Fast  Yellow  Y  and  R: 

173  grains  for  3  weeks  produced  no  effect. 

53  grains  produced  albuminuria. 
65.  Ponceau  2  R. 

582  grains  killed. 

198  grains  produced  no  effect. 
65.  Fast  Red  B: 

143  grains  for  145  days  produced  no  effect. 

137  grains  for  145  days  produced  no  effect. 

98  grains  for  145  days  produced  no  effect. 

68  grains  produced  albuminuria. 

38  grains  produced  albuminuria. 
103.  Azorubin  S: 

143  grains  for  145  days  produced  no  effect. 

137  grains  for  145  days  produced  no  effect. 

98  grains  for  145  days  produced  no  effect. 

70  grains  produced  diarrhea. 
287.  AzoBlue: 

233  grains  produced  no  effect. 

166  grains  produced«albuminuria. 

III.  Those  that  produced  only  a  slight  disturbance  which  was 
regarded  as  negligible: 

28.  Archil  Substitute  V: 

301  grains  produced  vomiting  and  albuminuria. 

127  grains  produced  vomiting  and  albuminuria. 
106.  Fast  Red  E: 

70  grains  produced  diariiiea. 
166.  Wool  Black: 

117  grains  produced  albuminuria. 
240.  Congo  Red: 

192  grains  produced  albuminuria. 
269.  Chryaamin  R: 

433  grains  produced  albui&inuria. 

361  grains  produced  albuminuria. 
394.  Dinitrosoresorcin: 

139  grains  produced  loss  of  appetite. 

121  grains  produced  albuminuria. 

From  Class  I  above  it  would  appear — 

(a)  That  if  a  dose  of  113  grains  per  100  pounds  body  weight  pro- 
duced no  effect  it  is  to  be  classed  as  harmless. 

From  Class  II  above  it  would  appear — 

(a)  That  if  albuminuria  is  caused  by  as  little  as  38  grains  in  some 
cases,  and  no  effect  is  produced  by  doses  as  large  as  143  grains,  the 
?olor  is  to  be  classed  as  harmless. 
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(6)  Also  that  if  198  grains  produce  no  effect  the  color  is  to  be 
classed  as  harmless,  even  if  582  grains  in  another  case  kill  the  animal. 

(c)  That  if  small  amounts  produce  albuminuria  and  larger  amounts 
do  not  the  color  is  to  be  classed  as  harmless. 

(d)  That  if  small  amounts  produce  diarrhea  and  larger  amounts 
do  not  the  color  is  to  be  classed  as  harmless. 

From  Class  III  it  would  appear  that — 

(a)  Albuminuria  produced  by  as  little  as  117  grains  is  to  be  regarded 
as  not  harmful. 

(6)  Diarrhea  produced  by  70  grains  is  to  be  regarded  as  not  harmful. 

(c)  Vomiting  and  albuminuria  produced  by  127  grains  are  to  be 
regarded  as  not  harmful. 

The  colors  classed  as  harmful  in  the  Confectioners'  List  may  be 
classified  as  follows: 

I.  Dogs. — Those  colors  that  under  certain  conditions  produce  no 
noticeable  effects  on  dogs,  while  under  other  conditions  effects  are 
observed,  are  classed  as  harmful  colors: 

1.  Picric  Acid: 

Dogs  stand  5  grains  daily  for  18  days  without  effect. 
18^  grains  produced  diarrhea. 
20.4  grains  killed. 

2.  Dinitrocresol: 

140  grains  caused  vomiting  but  did  not  kill. 
38^  grains  caused  vomiting  but  did  not  kill. 
38)  grains  caused  vomiting  and  did  kill. 

35  grains  caused  vomiting  but  did  not  kill. 
31.6  grains  caused  vomiting  but  did  not  kUl. 

3.  Martins  Yellow: 

51  grains  do  not  kill,  but  produce  weakness,  diairbea,  and  albuminuria. 
50  grains  kill. 

8  grains  do  not  kill,  but  produce  weakness,  diarrhea,  and  albiuniniiria. 
86.  Orange  II: 

714  grains  produced  kidney  irritation,  thirst,  and  diarrhea. 
333  grains  kill,  and  produced  diarrhea  and  albuminuria. 
244  grains  produced  kidney  irritation,  thirst,  and  diarrhea. 

36  grains  produced  no  effect. 
95.  Metanil  YeUow: 

620  grains  produce  vomiting. 
603  grains  kill. 
407  grains  no  effect. 
371  grains  kill. 

104  grains  produced  albuminuria. 
62  grains  no  effect. 
41  grains  no  effect. 
31  grains  kill. 
197.  Bismarck  Brown: 

246  grains  produced  vomiting. 

118  grains  produced  vomiting  and  general  depression. 

38}  grains  daily  for  30  dasrs,  no  effect. 
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398.  Naphthol  Green  B: 

600  grains  produced  green  urine  and  conjunctiva. 

292  grains  produced  no  effect. 

128  grains  produced  green  urine  and  conjunctiva. 

II.  Those  colors  that  have  not  been  observed  to  give  negative 
results,  but  which  have  caused  certain  eflfects: 

11.  Sudan  I: 

118  grains  produced  colored  urine,  vomiting,  and  albiuninuria. 
17  and  18.  Chrysoidin  Y  and  R: 

79  grains  produced  albuminuria. 

74  grains  for  30  days  produced  no  albuminuria,  but  a  loss  of  12^  per  cent  of 
body  weight. 
88.  Diphenylamin  Orange: 

216  grains  produced  albuminuria. 

128  grains  produced  phenol  in  urine  and  albiuninuria. 
138.  Fast  Brown  G: 

237  grains  produced  diarrhea  and  loss  of  appetite. 

218  grains  produced  diarrhea. 

III.  Rabbits: 

1,  Picric  Acid: 

24.5  grains  for  90  days,  no  effect. 

45  grains  for  19  days  kill. 
86.  Orange  II: 

292  grains,  no  effect. 

933  grains  kill. 
»6.  Metanil  Yellow: 

216  grains,  no  effect. 

rV.  Humans: 

1.  Picric  Acid: 

8.3  grains  no  effect. 
13.8  grains  no  effect. 
Invalids  and  children  can  not  stand  this  col<«. 

2.  Dinitrocreeol: 

42  grains  kill. 
86.  Orange  II: 

1)  grains,  no  effect. 

3  grains,  headache,  vertigo,  dryness  of  throat,  and  poor  general  condition. 
95.  Metanil  Yellow: 

1)  grains,  no  effect. 

3  grains,  no  effect. 

From  Classes  I  and  II  above,  it  would  seem  to  appear — 

(a)  That  if  a  dog  is  killed  the  color  is  harmful,  even  though  it  take  as  much  as  608 
grains,  or  as  little  as  20.4  grains  per  100  pounds  body  weight  to  kill. 

(6)  That  if  albuminuria  is  produced  in  dogs  by  as  little  as  79  grains,  or  as  much  as 
128  grains,  the  color  is  harmful. 

(c)  That  if  diarrhea  is  produced  in  dogi  by  as  much  as  218  grains,  or  as  little  as  50 
grains,  the  color  is  harmful. 

(d)  That  even  if  a  dog  can  take  as  much  as  407  grains,  the  color  may  be  harmful. 
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Fiom  Class  in  it  would  appear — 

(o)  That  even  if  rabbits  can  stand  as  much  as  292  grains,  or  as  little  as  24.5  grains, 
the  color  is'hannful. 

From  Class  IV  it  would  appear — 

(a)  That  if  42  grains  kill  a  human,  the  color  is  harmful. 

(6)  That  even  if  humans  can  stand  as  much  as  3  grains  without  untoward  effect, 
the  color  is  harmful. 

The  conclusions  that  may  be  drawn  from  these  data  are: 

1.  If  a  dog  is  killed  by — 

(a)  603  grains  per  100  pounds  body  weight,  the  color  may  be  harmful. 

(b)  582  grains  per  100  pounds  body  weight,  the  color  may  be  harmless. 

2.  If  a  dog  can  bear  without  effect — 

(a)  407  grains  per  100  pounds  body  weight,  the  color  may  be  harmful. 
(6)  198  grains  per  100  pounds  body  weight,  the  color  may  be  harmless. 

3.  If  albuminuria  is  produced  in  a  dog  by — 

(a)  38  grains,  or  143  grains  per  100  pounds,  body  weight  the  color  may  be  harm* 

less. 
(6)  79  grains,  or  128  grains  per  100  pounds  body  weight,  the  color  may  be  harm* 

ful. 

4.  If  diarrhea  is  produced  in  a  dog  by— 

(a)  70  grains  per  100  pounds  body  weight,  the  color  may  be  harmless. 
(6)  50  grains  per  100  pounds  body  weight,  the  color  may  be  harmful. 

5.  If  vomiting  and  albuminuria  are  produced  in  a  dog  by  127  grains  per  100  pounds 
body  weight,  the  color  is  not  necessarily  harmful. 

6.  If  small  amounts  of  color  produce  in  a  dog  diarrhea  or  albuminuria,  and  larger 
amounts  do  not,  the  color  n^y  be  harmless. 

7.  Even  though  rabbits  can  withstand  292  grains  per  100  poimds  body  weight,  the 
color  is  not  necessarily  harmless,  but  may  be  harmful. 

8.  If  42  grains  kill  a  human,  the  color  is  harmful. 

9.  If  a  human  can  withstand  3  grains  without  effect  the  color  is  not  necessarily 
hannleas,  but  may  be  harmful. 

10.  If  a  himian  can  not  withstand  3  grains,  even  though  it  can  withstand  1}  grains, 
tfie  color  18  not  necessarily  harmless,  but  may  be  harmful. 

Tifthmann  {Methoden  der  praJctischen  Hygiene,  1890,  p.  B^B)  says: 

I  regard  such  substances  as  harmful  to  health  which  when  fed  to  a  sound  dog  ia 
doses  of  a  few  decigrams  per  day  produce  at  once,  or  after  a  few  repetitions  of  the  dose, 
disturbances  in  the  healdi  of  the  dog;  on  the  other  hand,  dyes  which  in  doses  of  from 
one  to  several  grams  can  be  taken  for  weeks  on  end  without  causing  any  disturbance 
or  only  slight  intestinal  disturbances  or  a  slight  and  passing  albimiinuria  can  be 
regarded  as  harmless.  It  should  never  be  foigotten  that  a  few  milligrams  of  a  coal- 
tar  color  dyes  very  strongly  and  it  is  not  easy— even  by  most  extraordinary  iise  of 
colored  objects,  e.  g.,  by  children— that  more  than  milligrams,  at  most  centigrams, 
ol  dye  can  be  introduced  into  the  human  stomach.  In  extremely  laige  doses  many 
substances,  for  example,  all  our  condiments,  are  naturally  harmful. 

Of  65  dogs  weighed  and  experimented  on  by  Chlopin  the  average 
weight  was  9.2  kilograms,  or  20.3  pounds;  almost  half  the  dogs  (30) 
weighed  between  6  and  11  kilos. 

To  adapt  the  rules  of  Lehmann  to  a  basis  of  grains  per  100  pounds  of 
body  weight;  assuming  the  average  weight  of  a  dog  to  be  20  pounds, 
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it  is  only  necessary  to  multiply  the  weight  of  color  by  5  and  by 
15.432.     Doing  so,  the  foUowing  data  are  obtained: 

A.  Harmful  colors  produce  bad  efects  in  doees  of  a  "few'*  decigrams,  i.  e.,  mul- 
tiples of  a  half  gram;  the  word  ''few"  is  not  sharply  defined,  but  the  rule  means  a 
"few'*  times  7.7  grains. 

B.  Harmless  colors  produce,  when  continuously  fed,  no  bad  effect  in  multiples  of 
10  of  the  doses  of  A,  above,  i.  e.,  multiples  of  77  grains. 

C.  Slight  diarrhea  and  slight,  temporary  albuminuria  are  not  to  count  against  the 
color. 

Applying  these  rules  to  the  preceding  colors  discloses  that  they  were 
apparently  not  so  used,  in  selecting  the  harmless  and  harmful  colors 
in  the  Confectioners'  List. 

LEHMANN'S  BULBS. 

The  Lehmann  rules  as  just  interpreted  were  applied  to  the  data 
just  given.  As  a  result  of  such  application  the  conclusion  is  reached 
that  of  the  15  colors  classed  as  harmless  (foregoing  classes  I,  II,  and 
III),  6  would  be  classed  as  doubtful  by  the  Lehmann  rules,  namely: 

13.  Ponceau  4  GB,  65.  Fast  Red  B, 

8  and  9.  Fast  Yellow  Y  and  R,  103.  Azorubin  S, 

55.  Ponceau  2R,  105.  Fast  Red  E, 

and  the  remaining  9  would  have  been  classed  as  harmless. 

Of  the  11  classed  as  harmful  (foregoing  classes  I,  II,  III,  and  IV), 

2  would  have  been  regarded  as  harmless,  namely: 

398.  Naphthol  Green  B,  138.  Fast  Brown  G, 

3  would  have  been  classed  as  doubtful,  namely: 

197.  Bismarck  Brown,  88.  Diphenylamin  Orange, 

11.  Sudan  I, 

and  the  remaining  6  would  have  been  classed  as  harmful. 

SANTOBI'S  WORK  AS  A  OTTIDB  TO  A  BX7LB. 

Santori  regards  the  following  six  dyes  as  harmless:  457  (188), 
467  (74),  477  (129.5),  480  (156),  599  (64),  692  (467). 

The  first  is  the  Green  Table  number  and  the  bracketed  figure  the 
average  number  of  grains  per  100  pounds  per  day  for  30  days. 

In  the  case  of  Nos.  457  and  599  the  animal  was  wholly  normal 
throughout  the  test  and  the  autopsy  showed  only  normal  conditions. 

In  the  case  of  No.  477  the  only  disturbance  w^s  colored  feces  and 
the  autopsy  showed  only  normal  conditions. 

In  the  case  of  No.  480  the  only  disturbance  was  colored  feces,  but 
the  autopsy  showed  a  pea-green  kidney. 

In  the  case  of  Nos.  467  and  692  there  was  only  vomiting;  in  the 
case  of  No.  467  the  autopsy  showed  everything  normal;  whereas  in  the 
case  of  No.  692  the  autopsy  disclosed  a  swollen  kidney. 

Therefore,  according  to  Santori,  a  dye  that  causes  colored  feces, 
even  with  colored  kidney,  is  harmless.     Also  a  dye  that  causes  vomit- 


Digitized  by 


Google 


OIIi-SOLUBLE  OB  FAT  COIiOES.  159 

mg  and  swollen  kidney  is  harmless.  On  the  other  hand,  a  dye  (572) 
which  produces  no  change  or  symptom  observable  during  life,  but 
fatty  degeneration  of  the  liver  is  shown  at  the  autopsy,  is  a  harmful 
dye.  This  lack  of  conformity  makes  the  relation  between  dosage, 
symptoms,  and  harmfulness  or  harmlessness  more  confusing  and  per- 
plexing. 

YOTTNG'S  BX7LB. 

It  must  be  remembered  that  smaller  amounts  of  drugs,  and,  there- 
fore, of  coal  tar  colors,  effect  children  as  a  rule  than  are  effective 
upon  adults.  Taking  Young's  rule  as  a  guide,  it  appears  that  gen- 
erally the  effective  dose  for  a  3-year-old  child  is  one-fifth  the  effec- 
tive adult  dose;  for  a  4-year-old  child  one-fourth;  for  a  6-year-old 
child  one-third;  for  an  8-year-old  child  two-fifths  and  for  a  12-year- 
old  child  one-half  the  effective  adult  dose.  All  of  this  should  be  taken 
into  account  in  drawing  conclusions  from  experiments  as  to  the  harm- 
lessness of  any  coal-tar  dye  upon  humans.  Very  little  attention  has, 
however,  been  paid  to  this  aspect  of  the  matter  in  spite  of  the  fact 
that  colored  foods,  confectionery,  pastry,  beverages,  and  the  like  are 
partaken  of  by  children  and  in  many  cases  such  articles  are  prepared 
for  the  sole  or  particular  consumption  of  the  very  young. 

From  the  foregoing  data  it  seems  clear  that  deductions  as  to  the 
harmlessness  or  harmfulness  of  coal-tar  dyes  when  administered  to 
dogs,  and  not  based  upon  autopsies,  are  not  final  nor  conclusive  as  to 
the  effect  upon  the  dog.  The  extent  to  which  such  deductions  are 
correctly  transferable  to  humans  is  likewise  not  established. 

XI.  On-SOLUBLE  OB  FAT  COLOBS. 

Oil-soluble  colors  are  used  for  coloring  fats,  such  as  butter,  oleo- 
maigarine,  edible  oils,  and  the  like;  of  the  coal-tar  colors  the  oil- 
soluble  colors  are  chemically  nonsulphonated  azo-colors. 

The  nonsulphonated  azo-colors  which  have  been  physiologically 
examined  are: 

11.  Sudan  I  (anilinazo-b-naphthol)  (2). 

16.  Butter  Yellow  (anilin-azo-dimethylamlin). 

17.  Chryaoidin  Y  (anilin-azo-m-phenylene-diamin)  (2). 

18.  Chryaoidin  R  (anilinaso-m-tolylene-diamin)  (1). 
41.  Chryaoidin  R  (o-toluidin-azo-m-tolylene-diamin). 

197.  Bismarck  Brown  (m-phenylene-diamin-disazo-m-phenylene-diamin)  (4). 
201.  Manchester  Brown  (m-tolylene-diamin-disazo-m-tolylene-diamin)  (2). 

The  numbers  preceding  the  trade  names  are  the  Oreen  Table  num- 
bers; the  scientific  names  appear  in  parentheses;  and  the  number  of 
dealers  offering  the  colors  on  the  United  States  market  in  the  summer 
of  1907,  out  of  a  possible  12,  appear  after  the  scientific  name,  abo  in 
parentheses. 
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For  all  but  No.  201  contradictory  statements  occur  in  the  compiled 
literature;  for  No.  201  only  unfavorable  reports  were  found. 

There  were  on  the  United  States  market  in  the  smnmer  of  1907  the 
following  oilnsoluble  colors: 

10.  Sudan  G  (anilin-azo-resorcin)  (1). 

11.  Sudan  I  (anilln-azo-b-naphthol)  (2). 

49.  Sudan  II  (xylidin-azo-b-naphthol)  (1). 

60.  Carminaph  Garnet  (a-naphthylamin-azo-b-naphthol)  (1). 

Of  these  No.  11  had  been  reported  on  contradictorily^  and  the 
remaining  three  had  not  been  reported  on  at  all.  In  addition  to  these 
the  following  three  oil-soluble  colors,  not  listed  in  the  Green  Tables 
and  not  reported  on  in  literature;  were  wanted: 

1.  o-Toluidin-aso-b-naphthylamin  (which  does  not  seem  to  be  described  in  litera* 
tture  in  any  way). 

2.  AmidoasBo-toluol. 

3.  Anilin-azo-b-naphthylamin. 

So  that  out  of  a  total  of  seven  oil-soluble  colors  on  the  United 
States  market  in  the  summer  of  1907  only  one  had  been  examined 
physiologically  and  that  with  contradictory  results.  As  before 
stated,  these  oil-soluble  colors  all  belong  to  the  class  of  nonsulpho- 
nated  azo-colors. 

Fraenkel  (p.  575)  says:  *'When,  however,  the  azo-colors  contain 
no  sulpho-group  (i.  e.,  are  nonsulphonated)  they  are  poisonous. 
Thus  for  example,  Bismarck  Brown  *  *  *  Sudan  I."  Yet 
meta-nitrazotin,  a  nonsulphonated  color  not  in  the  Green  Tables, 
and  probably  not  upon  the  market  anywhere,  and  which  is  meta- 
nitranilin-azo-b-naphthol,  is  according  to  Weyl  nonpoisonous. 

Fraenkel  (p.  575)  also  stated: 

The  iact  that  the  monazo  colors  examined  by  Cazeneuve  and  Lupine  are  harmleeB, 
as  above  stated,  is  equally  explained  by  the  constitution  of  these  substances.  Those 
two  investigators  examined  (omitting  tbe  tiade  names)  a-naphthylamin-isulphoaeid- 
azo-a-naphthol-a-sulphoacid,  a-naphthylamin-sulphoacid-  azo  -  b  -  naphthol  -  disulpho- 
acid,  a-naphthylamin-azo-b-naphthol-disulphoacid,  xylidin-azo-b-naphthol-disulpho* 
acid,  Bulphanilicacid-azo-a-naphthol,  Amido-azo-toluene-disulphonicacid. 

These  substances  are  all  sulphoacids  and  the  sulpho-groups  here  effect  the  depoistm- 
ing  of  the  original  substance. 

Examining  this  statement  it  therefore  appears  that  in  FraenkeFs 
opinion,  at  least,  a-naphthylamin-azo-a-naphthol,  a-naphthylamin- 
azo-b-naphthol,  xylidin-azo-b-naphthol,  anilin-azo-a-naphthol,  and 
amido-azo-toluol  are  in  and  of  themselves  poisonous  substances,  and 
are  rendered  nonpoisonous  by  sulphonation.  Diligent  search  through 
the  literature  has  failed  to  uncover  any  original  communications  of 
investigators  to  that  effect. 

With  but  one  known  exception  all  the  nonsulphonated  azo-colors 
are  regarded  by  Fraenkel  as  poisonous.  The  colors  17,  18,  41,  197, 
and  201  on  page  159  are  not  used  as  oil-soluble  colors  and  therefore 
form  no  comparative  basis  for  judging  oil-soluble  colors  except  that 
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both  are  nonsulphonated  azo-colors;  in  Fraenkel's  opinion,  however, 
such  a  comparison  is  wholly  justified  and  proper. 

Excluding  now  17,  18,  41,  197,  and  201  for  the  purposes  of  com- 
parison, the  following  tabulation  is  made: 

OU-soluble  TumtvIpJumaUd  azo-colors  on  the  market,  1907,  deemed  poisonous  by  Fraenkel. 


OU-floluble  colors. 


On  United 
States 
market 


Fnenkel 

oaUs 
polaonous. 


aniUn-aso-resorcin 

anilin-aso-b-naphthol 

zylidin-azo-b-naphthol 

a-naphthylamin-aso-b-naphthol . 
o-toluidln-axo-b-naphthylanLin. . 

amido-aco-toluol 

anilln-axo-b-naphthylamin 

ththy  lamln-axo-a-naphthol . 


a-napntayiamin 
aiii]m-aso-a-iU4>] 


»hthol 


That  is,  the  only  ones  on  the  United  States  market  concerning 
which  no  expression  of  specific  opinion  is  to  be  found  in  Fraenkel  are 
the  following  three:  anilin-azo-resorcin,  toluidin-azo-b-naphthylamin, 
and  anilin-azo-b-naphthylamin,  and  nothing  is  published  on  the 
physiological  action  of  any  of  them  specifically.  The  probability, 
however,  would  seem  to  be  that  they  are  not  harmless,  and  until 
their  harmlessness  is  positively  established  their  exclusion  from  the 
permitted  list  of  coal-tar  colors  for  use  in  foods  seems  to  be  the  only 
safe  and  proper  course  to  be  followed.  The  physiological  action  of 
so-called  "Butter  Yellow''  No.  16  of  the  Green  Tables  (see  p.  85), 
merely  strengthens  this  conclusion. 

Zn.  BUIES  AHD  BEASOVS  FOE  SELECTDTG  THE  SEVEV  COLOBS 
PEEMITTED  BT  F.  I.  D.  76. 

8TATBVBKT  OF  BT7LE8. 

In  view  of  the  confusion  and  uncertainty  disclosed  in  the  foregoing 
literature  relative  to  the  physiological  action  of  coal-tar  colors,  the 
difficulties  in  the  way  of  making  a  list  of  coal-tar  colors  to  be 
permitted  in  the  coloring  of  food  products  are  seen  to  be  by  no 
means  slight.  The  following  rules  governing  selection  were  in  mind 
during  the  making  of  the  list  given  in  Food  Inspection  Decision  No.  76, 
and  the  closeness  with  which  they  were  followed  is  discussed  on 
page  166. 

Rule  I.  All  colors  which  have  not  been  physiologicaUy  tested  either 
upon  animals  or  man  shall  not  be  permitted  for  use  in  foods. 

Rulell.  All  coal-tar  colors  which  have  been  examined  physio- 
logicaUy with  contradictory  results  shall  not  be  permitted  for  use  in 
foods. 


97291*— BuU.  147—12 11 
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Rule  III.  All  coal-tar  colors  which  have  been  examined  physiologi- 
cally and  have  been  declared  to  be  of  doubtful  harmlessness  shall  not 
be  permitted  for  use  in  foods. 

Rule  rV.  Only  those  coal-tar  colors  whose  chemical  composition 
was  definitely  disclosed  or  otherwise  ascertained ,  and  which  were  on 
the  United  States  market  in  the  summer  of  1907,  and  which  have 
been  examined  physiologically  and  with  no  other  than  a  favorable 
result  shall,  for  the  present,  be  permitted  for  use  in  foods. 

ANALYSIS  OF  THBEB  B.BCOMMENDATIONS  MADB  TO  THE  DBPAKT- 
MENT  OF  AGBICTTLTTTBE. 

These  rules  were  formulated  as  a  guide  in  view  of  the  divergent 
opinions  expressed  in  three  different  recommendations  to  the  Depart- 
ment of  Agriculture.  One  of  these  recommendations  suggested  that 
permitted  colors  be  designated  by  nine  titles.  Comparison  of  these 
titles  with  the  Green  Tables  and  with  the  tabulated  siu^ey  of  the  unfa- 
vorable, favorable,  and  contradictory  literature  corresponding  to  the 
Green  Table  numbers  (p.  63)  discloses  the  foUowing  facts: 

Companion  of  nine  sitggeMted  color  titles  toith  corresponding  Green  Table  numbers  and 

the  reports  on  the  same. 


Name. 

Green 

Table 

No. 

Un. 
favor- 
able. 

Fa- 
vor- 
able. 

Con- 
tra- 
dio- 
tory. 

No 
re- 
port.' 

Name. 

Green 

Table 

No. 

Un- 
favor- 
able. 

Fa- 
vor- 
able. 

Con- 
tra- 
dio. 
tory. 

No 

re- 

port.» 

Chryaoidin 

17 
18 
41 
84 
85 
86 
87 
88 
05 
92 
102 
13 
15 
44 
55 
66 
57 
108 
114 
146 

X 
X 
X 
X 

Pononui 

147 
148 
150 
160 
163 
160 

65 
107 
167 
170 
171 
198 
244 

20 

462 

4 

X 

Bordeaux 

X 

.  ... 

X 

TropflDoUn 

X 
X 

X 

X 
X 
X 
X 

X 
X 
X 

BiebrichRed(r).. 
Sulphonated 

Fuchsia 

Naphthol  Yellow 

X 

Asofl&vin 

X 
X 

X 

RoooelUn 

X 

Ponceau 

X 
X 

X 

"x* 

X 
X 
X 
X 

X 

X 

X 

X 

X 
X 

Total 

36 

0 

8 

13 

15 

1  Of  physiological  tests  in  literature  compiled. 


Therefore,  under  9  titles  36  di:!Terent  chemical  individuals  would 
be  placed  upon  the  permitted  list,  of  which  only  8,  or  less  than  25  per 
cent,  have  been  examined  physiologically  with  only  favorable 
results,  and  28,  or  more  than  75  per  cent,  had  either  not  been  examined 
at  all  physiologically  or  with  contradictory  results. 
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The  8  of  these  chemical  individuals  examined  with  only  favorable 
results^  and  the  number  of  sources  out  of  a  possible  12  olTering  them 
on  the  United  States  market  in  the  summer  of  1907,  are  as  follows: 

Color9  reported  on/avorablft  and  number  of  dealers  handling  eaiM, 


Green 

Table 

No. 

Sooroes 
offering. 

Qteen 

Table 
No. 

Soarces 
offering. 

86 
92 

10 
2 
2 
0 

202 
107 
109 
462 

0 

7 
1 
2 

>  The  ItaUdsfld  Oieen  Table  numbers  are  those  of  the  pennltted  list  of  Food  Inspection  Dedilon  No.  70. 

Another  recommendation  suggested  the  permissive  use  of  42 
entries  in  the  Green  Tables,  which  are  tabulated  below  in  the  same 
manner  as  the  suggestions  in  the  preceding  recommendation: 

Compariion  of  4t  recommended  Green  Table  numbers  with  reports  in  the  literature. 


Green 
Ubto 
No. 

Un- 
favoi^ 
able. 

Favoi^ 
able. 

Equiv- 
ocal. 

No 
report.> 

Green 
table 
No. 

Un- 
tAvor- 
able. 

Favor- 
able. 

Equiv- 
ocal. 

No 

1 

17 
£0 
63 
64 
65 
66 
8S 
86 
80 
02 
M 
102 
103 

m 

138 
163 
166 
240 
200 
287 

X 

427 
434 
448 
461 
466 
457 
462 
477 
478 
479 
480 
604 
612 
613 
614 
616 
617 
618 
662 
601 

Total 

X 

X 
X 

X 
X 
X 

X 

X 
X 

X*    " 

X 

X 

X 
X 

X 
X 

X 
X 

X 

x" 

X 
X 

X 
X 

X 

X 
X 
X 

X 
X 

X 

X 
X 

X 

X 
X 

X 
X 

X 

X 
X 

;;;;;;;; 


5 

14 

15 

8 

1  Of  physiological  tests  In  compiled  literature. 

Applying  the  conclusions  hereinbefore  reached  to  these  entries, 
it  is  found  that  14  out  of  the  42  colors  recommended,  or  exactly 
one-third,  had  been  examined  physiologically  with  only  favorable 
results,  and  the  remaining  two-thirds  had  been  either  examined 
physiologically  with  only  unfavorable  or  with  conflicting  results, 
or  had  not  been  examined  at  all. 

The  14  chemical  individuals  examined  with  favorable  result  and 
the  number  of  sources  out  of  a  possible  12  offering  them  on  the 
United  States  market  in  the  summer  of  1907  are  as  follows: 


Digitized  by 


Google 


164 


COAD-TAB  OOLOBS  USED  IN  FOOD  PBODUOTS, 
ColoT9  reported  on  favorably  and  number  of  dealers  handUng 


Green 
table 
No. 

SooroeB 
offering. 

Green 
table 
No. 

Sooroee 
offering. 

'd 

89 
02 
102 
103 

10 
2 
2 

1 
0 
0 
6 

m 

166 
240 
462 
477 
612 
677 

7 
0 
1 
2 
0 
3 
5 

I  The  ttalidied  Green  Table  numben  are  those  of  the  pennitted  list  of  Food  Inspection  Bedsion  No.  70. 

The  third  of  these  recommendations  suggested  27  different  chemical 
individuals  for  permissive  use;  these  are  tabulated  below  in  the  same 
maimer  as  the  suggestions  in  the  preceding  recommendations. 

Turnity-eefmi  colors  recommended  for  use  and  reports  in  the  literature  on  the  same. 


Green 
table 
No. 

Un- 
f^Tor^ 
able. 

Favor- 
able. 

Equiv- 
ocal. 

No 
report.1 

Green 
table 
No. 

Un- 
favor- 
able. 

Favor- 
able. 

Equiv- 
ocal. 

No  ^ 
report.* 

4 

16 

17 

18 

41 

65 

86 

102 

197 

201 

398 

457 

462 

476 

477 

X 

X 
X 
X 
X 

481 
612 
616 
617 
618 
621 
632 
684 
601 
602 
650 

m 

Total 

X 

X* 

X 

X 

X 

X 
X 
X 

X 

X 

X 
X 

X 

z 

X 

X 
X 

-  X 

X 

X 

X 

4 

10 

10 

S 

X 

1  Of  ph  jslologioal  tests  In  literature  compiled. 

Therefore,  applying  the  same  method  of  drawing  conclusions  as 
in  the  case  of  the  preceding  two  recommendations,  it  appears  that 
10  out  of  the  27  suggested  chemical  individuals  had  been  examined 
physiologically  with  only  favorable  results,  and  the  remaining  17 
had  either  not  been  examined  at  all  or  with  unfavorable  or  con- 
flicting results.  The  1 0  chemical  individuals  examined  with  favorable 
results,  and  the  number  of  sources  out  of  a  possible  12  offering  them 
on  the  United  States  market  in  the  summer  of  1907,  are  as  follows: 

2^  20  recommended  colors  favorably  reported  on  in  the  literature  and  the  dealers  handling 

same. 


Green 

SooToes 

Green 

Sooroes 

Table 

han- 

Table 

ban- 

No. 

dUng. 

No. 

dllng. 

W 

10 

477 

0 

65 

2 

612 

s 

85 

3 

617 

6 

102 

0 

621 

0 

462 

2 

69S 

8 

iTlisltallolied  Green  Table  nombers  are  those  of  the  permitted  list  of  Food  InspeotloQ  Decision  No.  761 
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All  of  the  colors  included  in  these  three  recommendatioiis  conr 
ceming  which  only  favorable  reports  were  found  in  the  literature  ajre 
given  in  the  following  table: 


Recommended  colors  favorably  reported  an  in  the  literature. 

"JR^f^mm^jnAt^tlanft^ 

^nMnnni<mdationffT 

Green 

Dealers 

Green 

Dealers 

Table 

otfer- 

Table 

offer* 

No. 

I. 

II. 

m. 

Total. 

tag. 

No. 

I. 

II. 

m. 

Total. 

tag. 

'd 

X 

X 

X 

3 

10 

240 

X 

1 

z 

z 

X 

3 

2 

462 

X 

X 

X 

8 

85 

z 

z 

X 

3 

2 

477 

X 

X 

2 

80 

z 

1 

612 

X 

X 

2 

92 

z 

X 

0 

617 

X 

X 

2 

102 
103 

z 

X 
X 

X 

0 
6 

621 

69a 

X 
X 

1 
1 

1 1C7 
166 
160 

z 
z 

X 
X 

7 
0 
1 

Total. 

8 

14 

10 

I  The  Italioised  Green  Table  numbers  are  those  of  the  pennltted  list  of  Food  Inspection  Dedsloii  No.  1%, 

This  table  is  now  rearranged  to  show — 
I.  The  recommended  colore  not  offered  in  the  United  States  market  in  the  summer  of  1907. 


Green 
Table  No. 

Recom- 
mended 
by- 

Green 
Table  No. 

Recom- 
mended 
by- 

02 

102 
166 

2 
3 

1 

477 
621 

2 
1 

II.  The  recomm£7ided  colors  offered  on  the  United  States  mariet  in  the  swnmet  oft90f. 


Green 
Table  No. 

Recom- 
mended 
by- 

Sourees 

hftTidling, 

Green 
Table  No. 

Recom- 
mended 
by- 

SooToes 

'A 

U 
80 
108 

m 

3 
3 
3 
1 

1 
2 

10 
2 

2 

1 

6 
7 

160 
240 
462 
612 
617 
69$ 

1 
1 
3 
2 
2 
1 

>  The  ttalloised  Green  Table  numbers  are  those  of  the  permitted  Ust  of  Food  Inspeotian  DeoMon  No.  79. 

It  appears  that  out  of  17  different  chemical  individuals  suggested 
by  these  3  recommendations  jointly^  5  were  not  on  the  United  States 
market  in  the  summer  of  1907,  and  12  were  on  that  market;  also  that 
of  these  12,  4  were  suggested  by  all  3  recommendations;  3  were 
wanted  by  only  2  out  of  the  3,  and  the  remaining  5  were  spoken  for 
by  only  one.  Examining  all  of  the  recommendations,  it  appears 
that  out  of  a  total  of  79  recommendations  17  had  been  examined  with 
only  favorable  results,  and  that  the  remaining  62  were  either  not 
examined  or  had  been  examined  with  unfavorable  or  conflicting 
results. 

To  add  to  the  confusion  the  third  recommendation  mentioned  sug- 
gested that  the  following  Green  Table  numbers  should  not  be  permit- 
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ted  for  use  in  food  products  because  they  are  harmful:  1;  2;  3;  6;  86; 
96;  426;  461;  464;  480;  483;  484;  487;  488;  490;  671;  684;  699; 
620;  624;  660.  The  same  paper,  however,  recommended  that  Nos. 
684  and  660  be  permitted  for  use  in  food  products;  that  No.  86,  sug- 
gested by  both  the  other  recommendations,  be  prohibited;  and  that 
Nos.  96,  461,  and  480,  suggested  by  one  or  the  other  of  the  remaining 
two  recommendations,  be  likewise  prohibited  for  use  in  food  products. 
It  must  be  clear  to  everyone  that  these  three  recommendations  are 
not  of  one  mind  as  to  (1)  the  colors  which  are  harmless;  (2)  the 
colors  which  are  harmful;  (3)  tho  colors  which  are  used  or  are  useful 
in  food  coloring;  and  (4)  the  colors  which  should  be  used  in  food 
coloring.  Such  a  state  of  affairs  fully  justifies  rules  of  the  scope  and 
intent  of  those  formulated  at  the  beginning  of  this  section  for  making 
a  selection  of  permissible  food  colors. 

PB00ES8  OF  eluonation. 

From  the  foregoing  data  it  appears  that  out  of  80  different  chemical 
individuals  on  the  food-color  market  of  the  United  States  in  1907, 
only  16  had  been  examined  physiologically  with  a  favorable  result 
(see  p.  64). 

These  16,  arranged  according  to  the  shade  produced,  are  as  follows 
(numbers  preceding  the  names  are  the  Green  Table  numbers;  the 
numbers  in  parentheses  show  the  number  of  sources  desiring  the  color; 
the  italicized  Green  Table  numbers  are  the  ones  finally  selected  by 
Food  Inspection  Decision  No.  76): 

REDS. 

65.  Fast  Red  B  (Alphanaphthylamin  azo-R-salt)  (2). 
103.  Azonibin  S  (Naphthionic  acid  azo  NW  acid)  (6). 
105.  Fast  Red  E  (NaphUiionic  acid  azo-Schaeffer  acid)  (1). 
107.  AmaianUi  (Naphthionic  acid  azo-R-salt)  (7). 

169.  Crocein  Scarlet  7B  (Amidoazotolutol-monosiilphonic-acid-azo-betanaphthol- 
monosulphonic  acid  B)  (1). 
240.  Congo  Red  (Benzidin  disazo-naphthionic  acid)  (1). 
462.  Acid  Magenta  (Magenta  trisulphonic  acid)  (2). 
512.  Eosin  A  (Tetra-bromo-fluoreecein)  (3). 
517,  Erythiosin  (Tetra-iodo-fluorescein)  (5). 
520.  Rose  Bengal  (Dichlor-tetraiodo-fluorescein)  (2). 

ORANOR. 

86,  Orange  I  (Sulphanilic  acid  azo-alpha-naphthol)  (2). 

rSLLOWS. 

4.  Naphthol  Yellow  (DinitroalphanaphtholBulpho  acid)  (10). 
89.  Brilliant  Yellow  S  (Sulphanilic  acid  azo-diphenylamin,  sulphonated)  (1). 

ORRBNS. 

433.  Guinea  Green  B  (Benzyldehyde  +  benzylethyanilin  sulpho-acid)  (1). 
4S5,  Light  Green  S  F  yellowish  (Bensyldehyde+benzylethylanilin+sulphonft- 
tion)  (4). 
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BLUS. 

est.  Indigo  Oannine  (Indigo  dimilpho  acid)  (3). 

Considering  now  the  reds,  and  particularly  107,  which,  as  the  num- 
ber appearing  in  parentheses  after  the  scientific  name  indicates,  was 
wanted  by  7  sources  out  of  the  12  drawn  on,  this  being  the  most 
desired  of  all  the  reds,  it  would  seem  reasonable  to  believe  that  all  the 
wants  supplied  by  65,  103,  105,  169,  240,  and  462  would  be  covered 
by  107.  Chemically  107  is  closely  allied  to  65,  103,  105,  and  tinc- 
torially  it  is  likewise  closely  allied  to  169,  240,  and  462. 

Nos.  612,  517,  and  620  are  chemically  quite  different  from  the  other 
members  of  this  group,  and  tinctorially  they  differ,  being  of  a  particu- 
larly brilliant  shade,  and  tinctorially  more  powerful;  617  being 
desired  by  6  out  of  the  12  sources  drawn  upon,  and  thus  being  the 
most  desired  of  these  three  colors,  was  selected  in  the  expectation 
that  any  work  612  and  520  could  do  in  food  products  would  be  equally 
well  done  by  517.  For  reds,  therefore,  the  choice  fell  upon  107  and 
517. 

Orange. — Only  one  color  was  wanted,  and  that  by  2  out  of  the  12 
sources,  and  this  was  placed  in  the  permitted  list. 

Yellows. — ^The  choice  of  No.  4,  which  was  wanted  by  10  out  of  the 
12  sources,  was  made  in  the  expectation  that  every  purpose  that  89 
could  serve  in  food  products  could  be  served  also  by  4. 

Qreens. — ^Tinctorially  and  chemically  the  two  greens  are  very 
closely  allied,  and  in  view  of  the  reasonableness  of  the  expectation 
that  435  could  do  all  the  work  of  433  as  well,  its  choice  was  regarded 
as  justified,  especially  as  435  was  wanted  by  4  out  of  the  12  sources, 
as  against  only  one  for  433. 

Blue. — No.  692  being  regarded  as  harmless  by  all,  and  being  the 
only  blue  in  the  list,  it  was  selected. 

Li  this  manner  six  out  of  the  seven  permitted  colors  were  selected. 

BEASONS  FOB  ADDINO  PONCEATT  SB. 

An  examination  of  the  table  on  page  20  discloses  the  fact  that 
among  the  reds  desired  four  were  azo-reds  made  from  anilin  deriva- 
tives as  the  first  component,  namely: 

53.  Xylidin-azo-alphanaphtholdisulpho  acid. 

54.  Xylidin-azo-Schaeffer  acid. 

55.  Xylidin-azo-R-salt. 

56.  Cumidin  a2o-R-0alt. 

Each  of  these  was  wanted  by  1  source  out  of  the  possible  12.  This 
was  construed  as  an  expression  of  a  real  need  in  the  art  of  food  coloring 
for  a  color  of  this  class.  The  reason  for  such  a  need  was  not  then,  nor 
is  it  now,  apparent,  but  the  propriety  of  giving  even  a  seeming  need 
due  consideration  was  regarded  as  justified.  For  only  one  of  the  four 
desired,  namely,  55,  coidd  any  specific  references  in  the  literature  be 
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found,  and,  in  fact,  four  references  were  found  favorable  thereto  and 
three  unfavorable  thereto;  thus  eliminatmg  55  from  consideration, 
leaving  53,  54,  and  56. 

The  Austrian  law  of  January  22,  1896  (see  lieber,  p.  15)^  permits 
the  use  of  azo  colors  derived  from  higher  homologues  of  anilins, 
beginning  with  xylidin  and  sulphonated  betanaphthols.  As  Nos.  53 
and  54  were  both  derived  from  xyUdin,  it  was  regarded  as  safe  to 
assume  that  they  would  probably  be  as  objectionable  as  55.  This 
left  56  only  to  be  considered,  which  color  is  derived  from  cumidin 
and  Rnaalt.  The  cumidin  portion  satisfies  the  Austrian  law  and  also 
satisfies  the  general  law  laid  down  in  Fraenkel  (jp.  162),  namely,  that 
the  greater  the  number  of  ring-methyls  the  less  the  toxic  property  of 
the  resulting  compound,  because  of  the  oxidation  of  these  methyls  to 
carboxyls  in  the  animal  system;  the  R-salt  portion  satisfies  the  gen- 
eral law  laid  down  in  Fraenkel,  that  the  more  highly  sulphonated  the 
less  toxic  a  substance  becomes,  and  therefore  56  is  in  the  first  portion 
of  its  composition  of  such  a  nature  as  to  be  less  objectionable  iJian  55, 
if  55  be  objectionable. 

This  combination  of  facts,  namely,  the  desirability  of  an  anilin 
azo-red,  the  provision  for  diminishing  the  toxicity  of  55  by  the  sub- 
stitution of  cumidin  for  xylidin  therein,  and  the  general  provision 
in  the  Austrian  food  law,  made  it  appear  desirable  and  safe  to  take 
into  account  an  anilin  azo-red,  and  therefore  to  select  56  as  probably 
the  least  objectionable,  if  it  be  at  all  objectionable,  of  the  anilin 
azo-reds. 

The  full  list  of  permitted  colors  was  therefore  extended  to  7,  as 
follows: 

RedshadeB.—Kn,  Amaranth;  66.  Ponceau  3R;  517.  Erythroain. 

Orange  shade. — 85.  Orange  I. 

Yellow  shade.— 4.  Naphthol  Yellow  S. 

Green  shade.— 4Z6.  Light  Green  S  F  yellowish. 

Blue  shade. — 692.  Indigo  disulpho  acid. 

It  should  be  noted  that  with  respect  to  tetra-iodo-fluorescein,  517 
of  the  Green  Tables,  no  specific  investigation,  pronouncing  it  harmless 
or  harmful,  is  described  in  the  Uterature.  No.  516,  the  diodo-fluores- 
cein,  is  reported  specifically  adversely  in  the  literature,  especially  by 
Chlopin;  the  Confectioners'  List,  the  laws  of  Austria,  the  laws  of 
Prance,  the  rather  superficial  examination  of  No.  517  by  Grandhomme, 
and  the  statement  in  Fraenkel  (p.  57 Jf) ,  that  it  produces  no  disturbance, 
are  all  taken  to  apply  to  517  and  not  to  516.  The  identification  of  the 
color  under  examination  with  517  has  not  in  all  cases  been  satisfac- 
torily exclusive,  but  it  is  believed  that  the  differentiation  of  the 
harmful  516  by  Chlopin  makes  all  the  other  references  cited  pertinent 
to  517. 
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With  respect  to  435,  it  must  be  pointed  out  that  434,  which  is  the 
methyl  instead  of  the  ethyl  derivatiye,  has  only  been  regarded  as 
suspicious,  and  one  examination  of  435,  namely,  that  of  Lieber 
(p.  144)  J  does  not  appear  to  disclose  anything  which  would  positively 
exclude  435. 

aTTALTTY,  Cl^ANUNBSS,  AND  EFFICIBNOY. 

The  justification  for  limiting  the  permitted  colors  to  6  out  of  16, 
against  which  nothing  unfavorable  is  contained  in  the  Uterature  and 
regarding  which  favorable  statements  are  at  hand,  and  the  addition 
to  these  6  of  the  seventh  color  is  to  be  found  in  the  very  great  variation 
in  tinctorial  quahty,  in  percentage  of  coloring  matter,  in  amounts 
of  insoluble  matter,  both  organic  and  inorganic,  and  in  the  amounts 
of  organic  matter  not  coloring  matter,  as  well  as  in  the  large  number 
of  samples  containing  an  amount  of  arsenic  in  excess  of  that  permitted 
by  the  United  States  Pharmacopoeia  for  the  only  coal-tar  color 
therein  mentioned,  namely.  Methylene  Blue,  and  the  varying  amounts 
of  heavy  metals,  such  as  copper,  lead,  and  iron,  mostly  in  excess  of 
the  limits  permitted  in  the  Pharmacopceia  for  various  medicinal 
chemicals.  This  wide  variation  in  quahty  and  degree  of  cleanliness, 
aU  pointing  to  a  very  great  difference  in  the  care  with  which  coal-tar 
colors  offered  for  food  purposes  are  prepared,  render  the  conclusion 
safe  that  some  control  over  food  colors  in  respect  to  quality  is  desir- 
able, necessary,  and  essential. 

The  efficiency  of  the  7  colors,  6  of  which  were  selected  from  among 
the  16  considered  for  the  purpose  of  making  this  list  of  permitted  colors 
as  being  reasonably  sure  to  be  harmless,  is  evidenced  by  the  fact  that, 
although  the  addition  of  colors  has  been  sought  by  persons  interested 
in  the  food-coloring  art,  not  one  of  the  remaining  10  colors  of  those 
16  has  been  so  requested.  In  other  words,  the  colors  that  the  depart- 
ment has  been  requested  to  add  to  the  permitted  list  were  outside 
of  the  16  colors  which  were  on  the  markets  of  the  United  States  in 
1907,  and  were  described  in  the  Uterature  in  such  a  manner  as  to  lead 
to  the  conclusion  that  they  were  probably  not  harmful. 

Xm.  LISTS  OF  COLOBS  SUBSEQUEHTLT  BECOHMEITOED  BT 
nrDIVIDVALS  AHD  ASSOCIATIONS. 

Since  Food  Inspection  Decisions  Nos.  76  and  77  were  published 
recommendations  of  lists  of  permitted  colors  have  been  made  by 
other  individuals  and  by  a  voluntary  association.  For  the  purpose 
of  comparing  these  proposed  lists  of  permissible  colors  with  the  per- 
mitted list  of  Food  Inspection  Decision  No.  76,  the  former  are  now 
to  be  examined  in  the  same  manner  as  the  coal-tar  colors,  on  the 
United  States  market  in  the  summer  of  1907  for  food  coloring  pur- 
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poses,  were  examined  in  order  to  establish  the  permitted  list  of  7 
colors.    These  recommendations  cover  the  following  lists: 

1.  W.  Ernst's  list. 

2.  Muttelet*8  interpretation  of  the  French  law. 

3.  Second  International  White  Cross  Congress  list. 

4.  Beythien  and  Hempel's  list. 

5.  An  American  manufacturer's  list. 

6.  B^hal's  list. 

BBNST. 

W.  Ernst  {Fdrber  ZeUung  1908,  vol.  19,  p.  S81;  abst.  Chem.  Ztg. 
"  Reporiorium*'  1909,  p.  89)  recommends  for  use  in  foods  the  following 
38  titles  of  coal-tar  colors.  The  Green  Table  numbers  appear  in 
parentheses  after  each  title  where  corresponding  numbers  could  be 
ascertained;  the  italicized  numbers  are  those  of  the  permitted  list 
of  Food  Inspection  Decision  No.  76. 


1.  Auramin  (425,  426). 

2.  Naphthol  Yellow  S  (-*). 

3.  Quinolin  YeUow  (666,  667). 

4.  Tartrazin  (94). 

5.  Acid  Yellow  (8,  88,  95,  4). 

6.  Spirit  Yellow  (Amidoazobenxol)  (7). 

7.  Curcumin  S  (399). 

8.  Eoain  (512,  514,  515,  617,  521). 

9.  Erythroein  (516,  517), 

10.  Fluorescein  (510). 

11.  Orange  II  (86). 

12.  Oocein  Orange  (13). 

13.  Basic  Oranges  (7). 

14.  Fast  Red  (63,  65,  102,  103,  105,  107, 

144). 

15.  Amara  Red  (?). 

16.  Naphthol  Red  (?). 

17.  Azo  red  (62). 

18.  Bordeaux  (65, 107, 157,  170,  171,  198, 

244). 

19.  Victoria  Rubin  (?). 

20.  Ponceau  (13,  15,  44,  55,  56,  57,  108, 

114, 146. 147, 148, 150, 160, 163, 169, 
448). 


21.  Rhodamin  (496,  497,  498,  502,  504, 

605). 

22.  Acid  Magenta  (462). 

23.  Safranin  (583,  584,  585). 

24.  The  Croceina  (13,  104,  106,  145,  151, 

160,  164,  169). 

25.  Acid  Green  (434,  4^5). 

26.  Brilliant  Fulling  Green  (7). 

27.  Malachite  Green  (427,  428). 

28.  Brilliant  Green  (428). 

29.  Water  Blue  (480). 

30.  Patent  Blue  (440, 442). 

31.  Brilliant  Fulling  Blue  (?). 

32.  Domingo  Blue  B  extra  (7). 

33.  Methyl  Violet  (451,  454). 

34.  Acid  Violet  (464,  465,  467,  468,  470, 

471,  472,  474,  507). 

35.  Bismarck  Brown  (197,  201). 

36.  Acid  Brown  (133, 138). 

37.  Nigrodn  (600,602). 

38.  Several  Add  Blacks  (184  and  7). 


Of  these  38  titles  only  11  refer  to  a  single  entry  each  in  the  Green 
Tables  (namely  2,  4,  6,  7,  10,  11,  12,  17,  22,  28,  29);  7  titles  can  not 
be  definitely  connected  with  any  entry  in  the  Green  Tables  (titles  13 
16,  16,  19,  26,  31,  32);  one  title  is  broader  than  the  corresponding 
color  in  the  Green  Tables  (title  38)  and  the  remaining  19  titles  each 
and  all  refer  to  more  than  one  entiy  in  the  Green  Tables. 
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These  31  titles  embrace  88  different  entries  in  the  Green  Tables; 
some  of  these  entries  are  included  in  two  or  more  titles  as  follows: 


Green  Table 

nnmber.  Tlttos. 

4 2,5 

13 12,20,24 

65 14,18 

107 14,18 


Green  Table 
number. 


Tittaai 


160 20,24 

169 20,24 

428 27,28 

517 8,9 

These  88  different  Green  Table  entries  can  be  divided  as  follows  on 
the  basis  of  the  compilation  of  literature  on  physiological  action  here- 
inbefore given  (see  p.  63) : 

Unfavorable  orUy.-M,  164,  201,  425,  434,  502,  516,  602,  667.  Total  9,  or  10.2  per 
cent. 

Favorable  only.— 4,  65, 102, 103,  105, 107,  169,  399,  4S5,  462,  467,  512,  517,  521,  600. 
Total  15,  or  17.0  per  cent. 

Conflieting.S,  13, 15,  55,  86,  88,  95,  106,  138, 160, 163,  197,  427,  428,  448,  451,  480, 
504,  584.    Total  19,  or  21.6  per  cent. 

Not  reported  on.— 7,  44,  56  »,  57,  62,  63,  104,  108,  114,  133,  144,  145,  146,  147,  148, 
150, 151, 157, 170, 171, 184, 198,  244,  426,  440,  442,  454,  464,  465,  468,  470, 471, 472,  474, 
496,  497,  498,  505,  507,  510,  514,  515,  583,  585,  666.    Total  45,  or  51  per  cent. 

According  to  this  mode  of  judging  only  16,  or  17  per  cent,  of  the 
colors  suggested  by  Ernst  for  food  coloring  would  be  regarded  as 
proper  for  use  in  foods. 

These  16  embrace  4  of  the  7  permitted  colors  .of  Food  Inspection 
Decision  No.  76,  namely,  4,  107,  435,  and  517,  leaving  11  to  be  con- 
sidered. Of  these,  5  were  not  on  the  United  States  market  in  the 
summer  of  1907,  namely,  102,  399,  467,  521,  and  600. 

The  remaining  6  are  as  follows  (the  numbers  in  parentheses  being 
the  number  of  sources  out  of  a  possible  12  o£fering  them  on  the  United 
States  market  in  the  summer  of  1907):  65  (2);  103  (6);  105  (1);  169 
{1);462  (2);  and  512  (3). 

The  reasons  for  the  noninclusion  of  these  in  the  permitted  list  of 
Food  Inspection  Dedsion  No.  76  have  been  given  on  page  167. 

HXTTTBUST'S  INTEBPBETATION  OF  THE  FBBNOH  LAW. 

Muttelet  (Annales  dea  FaUificaMonSy  1909,  pp.  86-38),  places  the 
following  interpretation  on  the  French  regulations  of  December  29, 
1890,  and  of  August  4,  1908,  classifying  them  as — 

I.  ThoBB  colon  which  are  certainly  permitted  by  those  regulations. 

II.  Those  colors  whose  permitted  or  prohibited  use  is  doubtful. 

III.  Those  colors  which  are  certainly  prohibited. 

The  Green  Table  numbers  contained  in  each  class  are  classified  as 
follows  (the  italicized  numbers  being  those  of  the  permitted  list  of 
Food  Inspection  Decision  No.  76):   (a)  Unfavorably  reported;  (6) 

I  Sm  page  167  for  special  reasons  for  including  Ponceau  3R  in  permitted  list. 
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favorably  reported;  (c)  conflictingly  reported;  (d)  not  reported  in 
the  literature  as  to  their  physiological  action  (see  p.  63) ;  in  paren- 
theses is  given  the  number  of  sources  out  of  a  possible  12  o£fering 
those  colors  on  the  United  States  market  in  the  summer  of  1907. 
I.  Those  colors  which  are  certainly  permitted: 

(a)  None.    (6)  4  (10);  6  (0);  462  (2);  512  (3);  517  (5);  620  (2);  600  (0);  total,  7. 
(c)  55  (2);  427  (2);  451  (5);  457  (0);  total,  4.    (d)  158  (0);  518  (2);  total,  2. 

n.  Those  colors  whose  permitted  or  prohibited  use  is  doubtful: 

(a)  None.    (6)  65  (2);  107  (7);  599  (0);  total,  3.    (c)  8  (5);  84  (2);  427  (2); 
457  (0);  601  (1);  total,  4.    (d)  452  (2);  456  (0);  513  (0);  514  (0);  total,  4. 

.m.  Those  colors  which  are  certainly  prohibited: 

(a)  3  (0);  (6)  none;  (c)  427  (2);  (d)  none. 

It  win  be  noted  that  427  appears  in  all  three  of  Muttelet's  classifi- 
cations. The  reason  for  this  is  that  427  is  or  has  been  marketed  in  at 
least  three  different  forms;  of  these  the  straight  chlorhydrate  is  per- 
mitted, the  oxalate  and  the  zinc  chlorid  double  salt  are  of  doubtful 
admissibility,  and  the  picrate  ia  undoubtedly  forbidden. 

Also  457  appears  in  Muttelet's  Classes  I  and  II  because  the  ''Bleu 
Lumifere'*  of  Muttelet's  (Jlass  I  is  indistinguishable  from  his  "Bleu 
Lumi^re"  of  CIslss  U,  when  using  the  Green  Tables  as  a  guide.  Fur- 
ther, this  list  of  Muttelet  contains  only  3  out  of  the  7  colors  permitted 
in  Food  Inspection  Decision  No.  76,  namely,  4  and  617  of  his  Class  I 
and  107  of  his  Class  II. 

An  inspection  of  Muttelet's  Class  I  discloses  13  Green  Table 
entries,  of  which  only  7  have  been  reported  in  the  literature,  as 
herein  compiled  and  rated,  in  a  favorable  manner;  of  these  7,  2  were 
not  on  the  United  States  market  in  the  summer  of  1007  and  of  the 
remaining  5,  2  are  in  the  permitted  list  of  Food  Inspection  Decision 
No.  76;  the  remaining  3  are:  462.  Acid  Magenta  (2);  512.  Eosin 
(3);  520.  Rose  Bengal  (2),  and  the  reasons  for  whose  noninclusion 
in  the  permitted  list  of  Food  Inspection  Decision  No.  76  have  been 
given  (p.  167). 

SECOND  INTBB.NATIONAL  WHTTE  CROSS  CONOBBSS. 

The  Second  International  White  Cross  Congress,  held  in  Paris, 
October  18  to  24,  1900,  according  to  the  Chemiker  Zeitung,  1909, 
page  1227,  adopted  the  following  list  of  colors  which  were  said  to  be 
proper  for  use  in  coloring  food  products.  The  figures  in  parentheses 
are  the  Green  Table  numbers;  the  italicized  numbers  are  those  of  the 
permitted  list  of  Food  Inspection  Decision  No.  76. 

5.  Fast  Red  £  (105). 

6.  New  Coccin  (106). 

7.  Ponceau  2R  (56). 

8.  Xylidin  Scarlet  (55). 


1.  Erythrosin  (516,  517). 

2.  Rhodamin  B  (504). 

3.  Bordeaux  8  (107). 

4.  Boideaux  G  (170). 
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9.  Magenta  (448). 

10.  Acid  Magenta  (462). 

11.  Orange  I  (85). 

12.  Naphthol  YeUow  S  (4). 

13.  Chrysoin  (84). 

14.  Auiamin  O  (425). 

15.  Acid  Green  (434,  4S5). 


16.  Lyons  Blue  (457). 

17.  Patent  Blue  (440,  442). 

18.  Paris  Violet  (451). 

19.  Acid  Violet  (464,  465,  467,  468,  470, 
471,  472,  474,  507). 

20.  Black  Indulins  (599). 

21.  Sulphonated  Nigroain  (602). 

It  will  be  observed  that  titles  7  and  8  refer  to  the  same  Green  Table 
number;  this  leaves,  therefore,  only  20  titles  to  consider.  These  refer 
to  31  different  Green  Table  numbers  which  are  classified  as  (a)  only 
unfavorable  reports,  (i)  only  favorable  reports,  (c)  conflicting  reports, 
and  (d)  no  reports,  in  the  literature  hereinbefore  compiled  and  rated 
(see  p.  63) : 

(a)  425,  434,  516,  602;  total,  4. 

(b)  4, 85, 105, 107,  435,  462,  467,  517,  599;  total,  9. 

(c)  55,  84, 106,  448,  451,  457,  504;  total,  7. 

(d)  170,  440,  442,  464,  466,  468,  470,  471,  472,  474,  507;  total,  11. 

The  numbers  of  section  (&),  of  which  only  favorable  reports  are 
recorded,  are  the  only  ones  here  of  interest;  they  are  9  in  number,  or 
less  than  30  per  cent  of  all  those  included  in  this  list,  and  of  these  9, 
6  are  on  the  permitted  list  of  Food  Inspection  Decision  No.  76.  The 
remaining  4  are  the  following,  the  number  in  parentheses  represent- 
ing the  number  of  sources  out  of  a  possible  12  offering  them  on  the 
United  States  market  in  the  summer  of  1907: 

105.  Fast  Red  E  (1). 

462.  Acid  BCagenta  (2). 

467.  Acid  Violet  6  B,  not  offered. 

599.  Printiiig  Blue,  not  offered. 

The  reasons  for  the  noninclusion  of  these  colors  in  the  permitted 
list  of  Food  Inspection  Decision  No.  76  have  been  given  on  page  167. 

BBTTHZBiar  AND  HBHPBL. 

Beythien  and  Hempel  (F&rber  Ztg,,  1909,  v.  15,  pp.  SOI,  S48,  S9i, 
486;  abst.  Chem.  Ztg.,  1910,  p.  68)  recommend  iJhe  following  colors 
for  use  in  food  products.  (The  numbers  in  parentheses  are  the  corre- 
sponding Green  Table  numbers,  where  such  connection  could  be 
established;  the  italicized  numbers  are  those  of  the  permitted  list  of 
Food  Inspection  Decision  No.  76.) 


1.  Alizarinblue  (562,  563). 

2.  Amaranth  {107). 

3.  Bordeaux  Red  (?). 

4.  Brilliant  Blue  (?). 

5.  Diamondfuchsin  (448). 

6.  Fart  Blue  (477,  599,  601,  639,  640). 

7.  Fart  Yellow  H  (9). 

8.  Fart  Red  (63,  65,  102,  103,  105,  107, 

144). 


9.  Eoflin  (512,  514,  515,  517,  521). 

10.  Erythioflin  (516,  517). 

11.  Fuchflin  S  (462). 

12.  Light  Green  S  F  yeUowiah  (^5). 

13.  Indigo  disulphoacid  {B9t), 

14.  Indulins  (599,  601,  603). 

15.  Light  Blue  (7). 

16.  Malachite  Green  (427,  428). 

17.  Methyl  Violet  (451,  454). 
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18.  Naphthol  YeUow  8  (4). 

26.  Roccellin  (102). 

19.  Orange  I  (85). 

27.  Roscellin  (?). 

20.  Orange  L  (54). 

28.  Rubin  (448). 

21.  Paris  Violet  (451). 

29.  Acid  YeUow  S  (4). 

22.  PhloTiTi  (518,  521). 

30.  Acid  Magenta  (462). 

23.  Ponceau  3R  (66,  57). 

31.  SoUd  Blue  (?). 

24.  Ponceau  Red  (?). 

32.  Tropaeolin  000  (85,  86). 

25.  Primrose  (3,  513,  514). 

33.  Waterblue  (480). 

For  six  titles  (3,  4,  15,  24,  27,  and  31)  no  corresponding  Green 
Table  number  could  be  determined. 

Of  the  remaining  27  titles.  No.  9  includes  part  of  No.  10,  32  includes 
19,  9  includes  part  of  25,  8  includea26,  17  includes  21,  11  is  identical 
with  30,  and  18  is  identical  with  29,  all  on  the  assumption  that  the 
correct  connections  between  title  and  Green  Table  numbers  have  been 
made.  Therefore  these  27  titles  are,  in  fact,  only  25  titles;  of  these 
25  titles,  13  refer  to  but  one  Green  Table  number  each;  the  remaining 
12  titles  each  refer  to  two  or  more  Green  Table  numbers. 

The  Green  Table  numbers  above  given  are  now  arranged  in  the 
following  four  classes  according  to  the  hterature  hereinbefore  com- 
piled and  rated  (see  p.  63) : 

(a)  Only  unfavorable  reports:  3,  516,  639;  total,  3. 

(6)  Only  favorable  reports:  4,  65,  85,  102,  103, 105, 107,  455,  462,  477,  512,  517,  521, 
599,  692:  total,  15. 

(c)  Conflicting  reports:  9,  86,  427,  428,  448,  451,  480,  563,  601;  total,  9. 

(d)  No  reports:  54, 56,»  57, 63, 144, 454, 513, 514, 515, 518, 562, 603, 640;  total,  13. 

The  15  Green  Table  numbers  of  class  (&)  are  the  only  ones  here  of 
interest;  they  include  6  out  of  the  7  permitted  colors  of  Food  Inspec- 
tion Decision  76;  of  the  remaining  9,  4  (102,  477,  521,  599)  were  not 
on  the  United  States  market  in  the  summer  of  1907.  The  remaining 
5  are  as  follows.  (The  number  in  parentheses  is  the  number  of 
sources  out  of  a  possible  12  offering  them  on  the  United  States 
market  in  the  summer  of  1907)  : 

65.  Fast  Red  B  (2).  462.  Acid  Magenta  (2). 

103.  Azorubin  S  (6).  512.  Eosin  (3). 

105.  Fast  Red  E  (1). 

The  reasons  for  the  noninclusion  of  these  colors  in  the  permitted 
list  of  Food  Inspection  Decision  No.  76  have  been  given  on  page  167. 

SUMMABY  OF  THBEB  PBBOBDINO  BECOMMENDATIONS. 

The  recommendations  made  by  Ernst,  the  White  Cross  Congress, 
and  Beythien  and  Hempel  are  summarized  in  the  following  table: 

>  See  page  167  for  special  reasons  for  permitting  ose  of  Poooeao  3R. 
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Summary  of  recammtndaiions  from  three  tources. 


Oreen 

Table  No. 

(11). 

UnCftvorable  reporta  only. 

Number 
recom- 
mending. 

Dealers 
offering. 

Ernit. 

White 
Cross. 

Beythlen 

and 
Hempel. 

3 

X 

0 
6 
0 
2 
3 
1 
2 
1 
0 
0 
1 

94 

164 

.201 

425 

434 

602 

616 

602 

639 

X 
X 
X 
X 
X 
X 
X 
X 

X 
X 

X 
X 

X 

X 

667 

Total.. 

X 

9 

4 

3 

Oreen 

Table  No. 

(19). 

Fayorable  reports  only. 

Number 
recom- 
mending. 

Dealers 
offering. 

Emit. 

White 
Cross. 

Beythien 

and 
HempeL 

d::::v.: 

8S 

X 
X 

X 

X 
X 
X 
X 
X 
X 
X 

10 
2 
2 
0 
6 
1 
7 
1 
0 
4 
2 
0 
0 
3 
6 
0 
0 
0 
3 

X 

108 

103 

106 

107 

169 

399 

4S6 

462 

467 

477 

X 
X 
X 
X 
X 
X 
X 
X 
X 

X 
X 

X 
X 
X 

X 
X 

X 
X 
X 
X 
X 

612 

617 

621 

sag 

X 
X 
X 

X 

X 

600 

$9t 

X 

X 

Total.. 

16 

9 

15 

Oreen 

Table  No. 

(2»). 

ConOicting  reports. 

Nimiber 
recom- 
mending. 

Dealers 
offering. 

Ernst. 

White 
Cross. 

Beythien 

and 
Hempel. 

8 

9 

X 

6 

1 
6 
0 
2 
2 
8 
0 
2 
5 
0 
0 
0 
4 
2 
3 
4 
6 
0 
1 
6 
0 
1 
1 

X 

13 

15 

65 

84 

X 
X 
X 

X 
X 

86 

88 

95 

106 

138 

160 

163 

197 

427 

428 

448 

461 

457 

X 
X 
X 
X 
X 
X 
X 
X 
X 
X 
X 
X 

X 

X 

X 
X 

X 
X 

X 
X 
X 

480 

604 

663 

X 
X 

X 

X 

X 

684 

001 

X 

X 

Total.. 

19 

K 

9 
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Summary  of  rtcomrMpndoXwM  from  three  sources — Continued. 


Oreen 

Table  No. 

(61). 

Not  reported 

on. 

Number 
recom- 
mending. 

Dealers 
offering. 

Ernst. 

White 
Cross. 

Beytblen 

and 
Hempel. 

7 

44 

54 

0 
0 
1 
1 
0 
0 
0 

1 

2 

0 
0 
0 
0 
2 
0 
0 
0 
0 
0 
0 
0 
0 
0 
0 
0 

1 

0 
0 

1 

0 

1 

0 
0 
0 
0 
0 
0 
0 
0 
0 
4 
0 
0 
0 
3 
0 
0 
0 
0 
0 
0 

X 
X 
X 

M 

67 

© 

63 

104 

108 

114 

133 

144 

146 

146 

147 

148 

160 

151 

157 

170 

171 

184 

198 

244 

426 

440 

442 

454 

464 

465 

468 

470 

471 

472 

474 

496 

497 

498 

605 

607 

610 

613..  . 



X 

X 

X 

X 

X 

X 
X 
X 
X 

X   ■ 

614 

615 

618 

56? 

683 

586.-. 

(KR 

X 
X 

X 
X 

640 

666 

Total.. 

z 



46 

11 

13 

These  three  recommendations  embrace  105  different  Oreen  Table 
numbers.  The  following  table  discloses  the  conformity  of  the  com- 
posite of  these  three  recommendations  to  the  United  States  market 
in  the  summer  of  1907 : 

Number  of  suggested  samples  in  the  thru  supplementary  lists  found  on  the  market,  19€7, 


Data. 

Total  In 
class. 

On  United 
States 
market. 

UnfftTorable 

11 
19 
24 
61 

7 
13 
17 
10 

Favorable 

Conflicting 

NotreporiiBd 

TotaL f. 

106 

47 
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XTNFXTBIJSHED  BECOMMENDATIONB  OF  ▲  MANUPACTXTBEB. 

In  addition  to  these  published  recommended  lists  the  following 
recommendation  has  been  made  by  letter  by  a  manufacturer  who 
contributed  specimens  of  food  colors  to  the  United  States  market 
in  the  summer  of  1907 : 

That  for  the  following  permitted  colors  of  Food  Inspection  Decision 
No.  76,  there  be  substituted  certain  colors,  the  Green  Table  numbers 
alone  being  here  given: 


Pennitted. 

Sabstitate. 

4 

94 

56 

53 

85 

15 

517 

521 

In  regard  to  these  proposed  substitutes  it  is  to  be  said  that  Nos. 
15  and  521  were  not  on  the  United  States  market  in  the  summer  of 
1907,  according  to  the  canvass  made  and  described  in  Section  I, 
Nos.  53  arid  94  were  on  that  market,  No.  53  had  not  been  examined 
physiologically,  and  No.  94  had  been  examined  physiologically 
with  only  unfavorable  results.  The  way  was,  therefore,  not  open  to 
placing  any  of  these  colors  on  the  permitted  list  under  the  procedure 
adopted.  However,  had  No.  15  been  on  the  market  it  would  not 
have  been  placed  on  the  permitted  list,  because  it  has  been  examined 
physiologically  with  contradictory  results,  while  No.  521  might  have 
been  placed  on  the  permitted  list  because  it  seems  to  have  been 
examined  physiologically  and  with  only  favorable  results. 

As  the  result  of  careful  investigation  B6hal  (Revue  OirUraU  des 
Matures  Cohrantes,  1910,  p.  ISl)  suggests  the  use  of  21  definite 
chemical  individuals  which  are  given  in  the  following.  With  the 
tabulation  on  page  63  as  a  guide  these  21  colors  are  classified  as 
unfavorable,  favorable,  contradictory,  and  not  reported  on.  The 
italicized  figures  are  in  the  permitted  list  of  Food  Inspection  Decision 
No.  76. 

UNTAVORABLB  (1). 

425.  Auiamin  O  (3). 

V/LYORABLB  (11). 


4,  NaphtholYeUowS(lO). 

65.  Bordeaux  B  (2). 

85,  Orange  I  (2). 
105.  Fast  Red  (1). 
107.  Amaranth  (7). 
4S5.  Light  Green  S  F  yellowish  (4). 

07291**— BuU.  147—12 ^12 


462.  Acid  Magenta  (2). 

467.  Acid  Violet  6B  (none). 

512.  Eosin  (2). 

617.  Erythrosin  (5). 

520.  Boee  Bengal  (2). 
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65.  Ponceau  2  R  (2). 
84.  ChryBoin  (2). 
106.  New  Coccin  (5). 


CONTRADIGTORT  (6). 


427.  Malachite  Green  (2). 
451.  Methyl  Violet  (5). 
480.  Water  Blue  (1). 


NOT  REPORTED  ON   (3). 

54.  Scarlet  R  (1).  i  440.  Patent  Blue  (1). 

64.  Crystal  Ponceau  (1).  | 

The  five  in  the  "favorable"  list  which  were  on  the  United  States 
market  in  the  summer  of  1907,  but  are  not  in  the  permitted  list  of 
Food  Inspection  Decision  No.  76,  namely: 


65.  Bordeaux  B  (2); 
105.  Fast  Red  (1); 
462.  Acid  Magenta  (2); 


512.  Eoein  (2); 

520.  Rose  Bengal  (2), 


are  tinctorially  provided  for  in  that  list;  only  one  of  the  21  colors 
recommended  by  B6hal  was  not  on  the  market  of  the  United  States 
in  the  summer  of  1907,  namely,  467  Acid  Violet  6B,  and  this  is  in  the 
"favorable"  list.  The  reasons  for  the  non-inclusion  of  these  colors 
are  given  on  page  167. 

CONCLTTSIONS. 

It  is  clear  from  an  inspection  of  the  preceding  analysis  of  the  six 
lists  just  given  that  the  confusion  referred  to  on  page  165  as  existing 
in  the  three  recommendations  made  before  the  formulation  of  the 
permitted  list  of  Food  Inspection  Decision  76  is  not  at  all  diminished 
by  these  six  lists  published  after  the  announcement  of  that  decision, 
as  is  shown  in  the  following  table: 

Analysis  of  six  lists  published  after  the  issuance  of  F.  L  D.  76, 


Listof- 


Ernst 

Huttelet's  claas  I 

White  Cross 

B63rthieii  and  Hempel 

Hanafacturer 

B«hal 


Total  of 

dyes 
wanted. 


Reports  on  physiological 
effects 


Unfovor- 
able. 


Favor- 
able. 


Contra- 
dictory. 


19 


Physio- 
l^cal 
effect 
not  re- 
ported. 


Number 
of  dyes 
wanted 
and  con- 
tained in 
F.  I.  D. 
76. 


The  same  wide  differences  of  opinion  as  to  the  four  points  discussed 
on  page  166  not  only  continue  but  are  accentuated. 
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XIV.  CHEMICAL  EXAMIVATION  OF  THE  SEVEN  PEBMITTED 

COLOBS,  1907. 

NEED  OF  CHEMICAL  CONTBOL. 

The  most  striking  thing,  from  the  chemist's  point  of  view,  in  the 
literature  relative  to  the  physiological  action  of  coal-tar  colors,  is 
the  almost  universal  absence  of  the  results  of  chemical  examination  or 
identification  of  the  materials  subjected  to  physiological  test.  There 
is  hardly  any  description  or  statement  of  the  strength  or  the  con- 
centration of  the  materials  examined,  or  of  the  amount  or  nature  of 
materials  not  coloring  matter  present  in  the  substances  subjected 
to  these  physiological  tests.  It  is  true  that  some  publications  give 
identification  tests,  but  few  assert  the  identity  of  the  material 
subjected  to  certain  physiological  tests,  with  the  description  so  given. 

TTie  need  for  some  such  chemical  control  as  to  identity  and  quality 
must  be  apparent  to  all  having  experience  with  the  commercial 
varieties  or  grades  of  coal-tar  colors.  Many  of  these  commercial 
brands  of  coal-tar  colors  contain  added  coloring  matter  other  than 
the  principal  constituent  for  the  purpose  of  correcting  some  defect 
unavoidably  arising  during  the  manufacture.  Where  those  com- 
mercial brands  are  sold  for  textile  and  other  manufacturing  purposes 
there  is  no  valid  objection  to  such  practice,  because  in  such  uses  the 
tinctorial  properties  and  effects  of  the  commercial  brands  are  the  things 
the  buyers  desire  and  pay  for,  and  the  exact  nature  of  the  materials 
accomplishing  the  results  is  in  reality  of  secondary  importance; 
but  when  coal-tar  colors  are  to  be  used  in  foods,  and  in  addition  to 
tinctorial  effect  the  absence  of  any  physiological  action  is  necessaiy, 
it  13  at  least  of  doubtful  propriety  to  market  such  corrected  or  adjusted 
brands  unless  the  correction  or  the  adjustment  be  made  with  harmless 
colors. 

There  are  a  few  instances  in  the  relevant  literature  where  it  was 
attempted  to  explain  the  different  results  attained  by  observers  by 
the  difference  in  the  composition  of  the  materials  subjected  to  physio- 
logical test,  and  there  are  other  instances  showing  the  difficulties 
encountered  in  obtaining  specimens  of  coal-tar  colors  which  would 
always  give  favorable  physiological  result. 

The  variation  in  composition  of  coal-tar  colors  may  be  exemplified 
by  the  following  excerpts  from  the  literature: 

1.  Weyl  (p.  91),  discussing  the  differences  between  his  results  and 
those  of  Cazeneuve  and  Lupine  with  Naphthol  Yellow  S,  states  as 
follows: 

It  is  to  be  noticed,  however,  that  Cazeneuve  and  Lupine  state  that  the  Naphthol 
YeUow  used  (Jaune  NS)  was  difficultly  soluble,  so  that  they  probably  exx)eriinented 
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with  another  subetance.  My  own  investigations  were  made  on  dogs  with  a  preparation 
for  which  I  am  indebted  to  the  kindneas  of  Dr.  G.  Schultz,  of  the  Aniline  Manufactur- 
ing  Co.  of  Berlin.    It  was  purified  by  precipitation  and  recrystallization. 

2.  Fraenkel  (p.  678)  expresses  the  opiiiion  that  the  harmful  results 
observed  with  Metanil  Yellow  (96  of  the  Green  Tables)  may  be  due  to 
diphenylamin  contained  in  the  color,  which  diphenylamin  may  be 
a  decomposition  product  of  the  Metanil  Yellow,  particularly  since,  as 
Weyl  states  (y.  ISO),  it  ''smelled  strongly  of  diphenylamin." 

3.  Pfeffer  ( Unterschungen  ana  dem  Botanischen  Institut  za  Tuebin- 
gen,  Vol.  II,  p.  186)  says: 

In  repeating  my  exx)eriment8 1  beg  that  it  be  considered  that  differences  in  observa- 
tioQ  may  be  caused  by  the  quality  of  the  coloring  matters.  For  quite  apart  £rom  the 
fact  that  the  coloring  matters  are  in  part  variable  mixtures  of  various  compounds,  and 
not  infrequently  contain  foreign  admixtures,  the  quality  of  the  goods  brought  into 
market  may  change  from  time  to  time.  Thus  formerly  magenta  was  the  acetate, 
wfaoeas  to-day  it  is  the  hydrochlorid.  Also  foreign  admixtures  may  be  poisoiious  or 
may  exert  no  influence  on  the  absorption  of  color. 

4.  Stilling  {ArcUv.  Exper.  Path.  PhiTm.,vol.  28, 1891,  p.  SB2)  says: 

With  respect  to  the  blue  pyoctanin,  I  have  during  the  entire  time  been  engaged 
in  ascertaining  the  most  effective.  The  things  marketed  by  £.  Merck  as  P.  cceruleum 
have  therefore  now  become  uniform  and  homogeneous,  which  could  not  be  the  case 
at  the  beginning.  The  P.  cceruleum  now  furnished  by  E.  Merck  is  the  hydrochlorid 
of  pure  hexamethylpararosanilin. 

The  variable  degrees  of  purity  attained  by  products  of  this  kind 
on  the  market  was  apparently  the  first  cause  of  the  prohibition  by 
the  German  Groyemment  of  the  coal-tar  color  known  as  Corallin  for 
use  in  food  products — ^not  because  Corallin  itself  was  harmful,  but 
because  in  the  manufacture  of  this  product  it  was  so  apt  to  retain  im- 
purities which  in  and  of  themselves  produced  bad  effects,  so  that  this 
particular  color  was  specifically  excluded  by  the  Grerman  Government. 

In  a  few  cases  it  is  stated  that  the  substance  subjected  to  physio- 
logical test  had  been  purified,  but  these  descriptions  are  hardly  such 
as  to  enable  others  to  arrive  at  substantially  the  same  result  with 
reasonable  certainty. 

5.  StilUng  in  his  monograph  entitled  Anilin  Farbstoffe  als  Anti- 
septica  (Strassburg,  1890,  Pt.  I,  p.  16)  says: 

The  foregomg  (relative  to  the  action  of  Methyl  Violet  on  the  eyes  of  rabbits)  holds 
only  for  pure  substances.  Many  anilin  colors  of  otherwise  very  antiseptic  properties 
are  contaminated  with  arsenic,  particularly  the  otherwise  useful  Ethyl  Violet.  With 
such  substance  serious  poisonings  and  death  can  be  produced  in  experimental  animals. 

6.  Stilling  in  Part  II  of  the  same  monograph,  pages  5  and  6,  says: 

Such  substances  (coal-tar  colors)  must  be  chemically  pure  and  can  not,  for  example, 
be  any  mixture  of  various  blue  or  violet  dyes.  There  is  therefore  a  great  difference 
whether  a  substance  be  tested  only  bacteriolpgically  or  also  in  addition  physiologically 
and  therapeutically.  Two  preparations  may  be  antiseptically  wholly  equal,  but  the 
one  preparation  may  contain  harmful  admixtures  which  produce  violent  irritations. 


Digitized  by 


Google 


ANALYSIS  OP  PBBMITTED  COLOBS,  1907,  181 

7.  Thus  Weyl,  speaking  of  his  Metanitrazotm  (p.  liO),  describes 
the  piirification  method  as  follows: 

It  IB  diasolved  in  wann  alcoholic  solution  of  sodium  hydioxid  filtered  and  precipi- 
tated with  hydrochloric  acid.  The  precipitate  is  freed  from  the  adhering  liquid  by 
the  aspirator  and  washed  with  hot  water. 

8.  Weyl  says  of  his  Metanil  Yellow  (p.  ISO): 

F<»r  purification  the  color  was  diasolved  in  water  filtered  and  separated  by  the 
addition  of  sodium  acetate.  The  yellow  mass  was  freed  from  the  adherent  liquid  by 
the  filter  pump  and  dissolved  in  hot  alcohol,  in  which  it  is  difficultly  soluble,  and 
obtained  from  this  in  the  form  of  yellow  crystals.  The  material  used  for  the  experi- 
ment was  almost  pure,  as  the  following  analytical  statement  shows:  0.4895  gram  of 
the  color  dried  in  105^  gave  0.084  sodium  sulphate.  Sodium  required,  6.1;  found,  6.6. 
(Note. — This  amounts  to  91.8  per  cent  of  theory.) 

9.  Weyl  (Zts.  Hygiene,  1889,  Vol.  II,  p.  S4,  On  Safranin 
Poiaoning)  describes  the  difficulties  he  had  in  obtaining  safranin  on 
the  market  that  was  clean  or  pure;  all  preparations  were  free  from 
arsenic^  and  contained  small  amounts  of  iron,  chlorin,  and  traces 
of  chromium.  In  one  specimen  the  ash  amounted  to  4.8  per  cent. 
The  theoretical  percentage  of  nitrogen  in  pure  safranin  is,  according 
to  Weyl,  16.3  per  cent;  in  two  commercial  products  he  foimd  12.7 
and  12.3  per  cent,  respectively  (83  and  80.4  per  cent  of  theory); 
he  recrystallized  the  specimen  containing  12.7  per  cent  twice  from 
dilute  hydrochloric  acid;  the  first  recrystallization  produced  a  speci- 
men containing  13.8  per  cent  (90.2  per  cent  of  theory)  of  nitrogen; 
the  second  recrystallization  produced  a  substance  containing  14 
per  cent  (91.5  per  cent  of  theory)  nitrogen. 

10.  Chlopin  in  his  book  (p.  110)  says: 

Neverthelees,  each  dye  was  tested  by  me  personally  with  the  usual  reagents  and 
the  dyeing  of  &bric  in  order  to  avoid  the  confounding  of  one  dye  with  another.  I 
convinced  myself,  from  my  experience,  that  not  only  druggists  but  the  home  offices 
of  the  makers  occasionally  send  dyes  which  do  not  correspond  to  the  requirements 
and  resemble  them  only  in  name. 

(Page  114-)  All  the  dyes,  which  according  to  my  experiments  proved  to  be  poia- 
onous,  were  carefully  examined  for  contents  of  arsenic,  chromium,  and  injurious 
metals,  and  were  found  to  be  free  from  these  admixtures. 

FIRST  METHODS  OF  ANALYSIS  USED. 

In  the  summer  of  1907  there  were  on  the  United  States  market  30 
different  specimens  of  the  seven  permitted  colors  of  Food  Inspection 
Decision  No.  76.  A  chemical  examination  of  those  30  specimens 
would  disclose  the  qualitative  conditions  of  the  market  so  far  as 
these  seven  permitted  colors  were  concerned,  and  it  was  expected 
that  certain  limits  for  standards  of  cleanliness  would  be  fixed  by 
such  an  examination. 
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In  examining  these  30  specimens  of  the  seven  permitted  colors 
chemically  the  following  determinations  were  made: 

1.  Moisture. 

2.  Chlorin  as  chlorids. 

3.  Sulphated  ash,  together  with  its  iron,  aluminum,  calcium,  and  copper  content, 
and  the  determination  of  the  sulphuric  acid  in  the  sulphated  ash. 

4.  Total  sulphur. 

5.  Gutzeit  test  (test  17  of  the  United  States  Pharmacopoeia,  eighth  revision). 

6.  Heavy  metals  test  (test  121  of  the  United  States  Pharmacopoeia). 

7.  Total  insolubles,  together  with  the  determination  of  the  proportion  that  is  vola- 
tile on  ignition. 

8.  Ether  extractive. 

The  methods  of  analysis  actually  used  on  these  30  dye  specimens 
are  here  given  solely  for  the  purpose  of  comparing  them  with  the 
methods  developed  therefrom  and  presented  beginning  with  page  210. 
Experience  has  shown  that  the  methods  here  given  are  defective  in 
many  particulars,  and  therefore  they  are  not  to  be  used  for  exact 
work. 

MOISTURE. 

Dry  a  sample  of  each  color  weighing  3  grams  at  105**  to  108®  C.  for  two  hours.  The 
loss  in  weight  is  assumed  to  be  moisture. 

This  method  is  not  wholly  accurate  in  the  case  of  Naphthol  Yellow,  nor  is  it  accu- 
rate in  the  case  of  Amaranth;  but  the  scarcity  of  material  made  it  seem  unwise,  at 
this  stage,  to  undertake  any  extended  investigation  as  to  the  amount  or  nature  of  the 
heating  required  surely  to  expel  all  moisture.  The  results,  therefore,  while  not  as 
accurate  as  might  be  desired,  are,  for  the  piurposes  of  this  exploratory  investigation, 
sufficiently  accurate  for  the  object  for  which  they  were  undertaken. 

CHLOBIN   AS   OHLOBIDS. 

Gently  heat  samples  weighing  0.1  gram  with  2  grams  of  sodium  carbonate,  and  after 
destroying  the  greater  part  of  the  organic  matter  add  0.1  gram  of  powdered  potassium 
nitrate  and  gently  heat  the  whole  until  the  organic  matter  is  entirely  destroyed. 
After  cooling  treat  the  whole  with  small  amounts  of  cold  water  and  remove  from  the 
crucible;  effect  the  solution  of  the  whole  by  gently  heating.  After  cooling  bring  the 
bulk  to  about  150  cc,  cool  to  room  temperature,  slightly  acidify  with  nitric  acid,  pre- 
cipitate the  chlorin  with  silver  nitrate,  and  weigh  as  silver  chlorid. 

SUI^HATED   ASH. 

Moisten  half-gram  samples  with  concentrated  sulphuric  acid,  gently  evaporate  to 
dryness,  and  treat  the  residue  with  5  cc  of  concentrated  sulphuric  acid  and  again 
evaporate  to  dryness;  repeat  the  operation  until  a  white  ash  results,  when  the  whole 
is  ignited  to  constant  weight.  After  weighing  take  up  the  sulphated  ash  in  boiling 
water  (and  if  necessary,  any  undissolved  material  can  be  taken  up  witb  hydrochloric 
acid  by  treatment  on  a  boiling-water  bath.)  Mix  the  two  solutions  and  bring  to  a 
total  volume  of  200  cc.  In  one  half  thereof  determine  the  contained  sulphur  by  a 
precipitation  with  barium  chlorid,  and  weigh  as  barium  sulphate;  in  the  other  half 
determine  iron  and  aluminum  by  precipitation  with  ammonia,  ignite  and  wei^  as 
ferric  and  aluminum  oxid.    No  separation  of  any  contained  aluminum  was  under- 
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taken  m  the  filtrate  from  the  iron;  the  lime  was  precipitated  as  oxalate.  In  the  only 
case  that  copper  was  encountered  it  was  precipitated  as  sulphid  before  taking  out  the 
iron  or  the  calcium. 

TOTAL  8ULPHUB. 

Mix0.2gramof  thesample  with  4  grams  of  sodium  carbonate  and  0.5gramof  potassium 
nitrate,  and  ignite  to  complete  the  destruction  of  the  organic  matter;  take  up  in  hot 
water;  acidify  with  hydrochloric  acid  and  precipitate  the  sulphur  as  barium  sulphate 
with  barium  chlorid. 

GUTZEIT  TEST. 

Mix  2  grams  of  the  substance  with  2  grams  of  a  mixture  of  1  part  of  potassium  nitrate 
and  5  parts  of  sodium  carbonate  and  ash  in  a  porcelain  crucible  over  a  low  flame;  if 
not  white  when  cool,  mix  the  ash  with  1  gram  of  potassium  nitrate  and  again  ash  over 
a  low  flame.  Generally  the  second  ashing  is  sufficient.  Dissolve  the  residue  in  50 
cc  of  hot  water,  boil,  filter,  neutralize  with  dilute  sulphuric  acid,  and  evaporate  to 
substantial  dryness  on  a  boiling-water  bath.  Then  add  1  cc  of  concentrated  sulphuric 
acid  and  dry  over  a  Bunsen  fiame;  take  up  the  residue  with  5  cc  of  distilled  water 
containing  0.5  cc  of  concentrated  sulphuric  acid  and  10  cc  of  a  saturated  solution  of 
sulphurous  acid;  evaporate  the  whole  to  a  bulk  of  5  cc  on  a  water  bath;  add  20  cc  of 
8  per  cent  hydrochloric  acid  and  subject  this  material  to  the  action  of  2  grams  of  metallic 
zinc,  free  from  arsenic,  which  has  been  so  activized  by  means  of  platinic  chlorid  that 
at  the  end  of  two  hours  more  than  1  gram  of  zinc  has  dissolved  and  the  evolution  of 
gas  has  been  constant  and  continuous.  Conduct  the  reaction  in  a  flask  of  60  cc  capacity 
with  a  neck  1  cm  in  diameter  and  6  cm  long.  After  the  introduction  of  the  solution  and 
the  zinc  into  the  flask,  stopper  the  neck  of  the  bottle  with  gauze,  the  lower  half  of 
which  is  dry  and  the  upper  half  moistened  with  the  test  solution  of  lead  acetate  of 
the  United  States  Pharmacopoeia.  After  carefully  wiping  the  lip  of  the  flask,  cover 
it  with  Schleicher  &  Schdll  quantitative  fllter  paper  which  has  been  satiurated  three 
times  with  alcoholic  mercuric  chlorid  solution,  with  complete  drying  between  each 
saturation  on  one  and  the  same  spot  of  the  filter  paper. 

In  the  case  of  Naphthol  Yellow  S  it  is  necessary  to  heat  gentiy  with  10  grams  of 
sodium  carbonate  until  the  organic  matter  is  substantially  all  destroyed,  then  add 
1.5  grams  of  potassium  nitrate  and  heat  to  complete  destruction  of  the  organic  matter. 
Dissolve  the  fused  mass  in  hot  water  and  a  few  drops  of  fifth-normal  sulphuric  acid; 
then  make  distinctiy  acid  with  the  same  and  add  an  excess  of  1  cc  of  concentrated 
sulphuric  acid;  evaporate  first  on  the  water  bath  and  afterwards  on  asbestos  until  all 
odor  of  nitrous  fumes  and  of  hydrochloric  acid  has  disappeared.  Take  up  the  residue 
in  5  cc  of  water  and  15  cc  of  a  saturated  solution  of  sulphurous  acid  in  water.  Heat 
the  whole  on  the  water  bath  until  no  odor  of  sulphur  dioxid  remains. 

The  preparation  of  the  sample  by  ignition  with  carbonate  and  nitrate  should  not 
be  done  in  platinum,  but  should  be  done  in  a  porcelain  crucible,  since  it  has  happened 
that  as  much  as  0.05  mg  of  arsenic  mixed  with  the  dye,  which  had  been  fused  in 
platinum  with  carbonate  and  nitrate,  could  not  be  detected  on  the  mercury-chlorid 
paper,  whereas  0.01  mg  when  similarly  treated  in  porcelain  could  always  be  detected, 
and  0.005  mg  would  usually  be  found  when  done  in  porcelain. 

HEAVT  MlfiTALS. 

Mix  as  much  of  the  substance  as  approxinmtely  contains  1  gram  of  color  with  10 
times  its  weight  of  carbonate  of  soda  and  ignite  with  the  addition  of  0.5  gram  of  potas- 
sium nitrate.    Dissolve  the  whole  in  water,  any  undissolved  material  being  taken  up 
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with  hydrochloric  acid,  bring  the  two  solutionB  together  and  slightly  acidify  with 
hydrochloric  acid;  dilute  to  100  cc;  place  10  cc  in  a  test  tube  of  40  cc  capacity  and 
warm  to  50^  0.  in  a  water  bath;  add  10  cc  of  a  freshly  prepared  saturated  solution  of 
hydrogen  sulphid  in  water,  stopper  the  test  tube  well  and  allow  the  whole  to  stand 
in  water  having  a  temperature  of  35^  0.  for  a  half  hour.  Dilute  a  3.3  cc  portion  to  10  cc, 
treat  as  before  with  10  cc  of  hydrogen  sulphid  in  water  for  one-half  hour  at  35^  C,  and 
add  to  each  anmionium  hydrate. 

TOTAL  INSOLUBLE8. 

Dissolve  1  gram  of  the  substance  in  1  liter  of  water,  filter  through  counterpoised 
quantitative  filters,  and  wash  with  hot  water  until  all  traces  of  color  are  removed 
from  the  filter  paper,  then  dry  at  100^  0.  to  constant  weight  and  weigh;  report  the 
weight  as  total  insolubles.  Ignite  the  total  insolubles  in  a  platinum  crucible  and  report 
the  residue  remaining  as  nonvolatile  insolubles. 

ETHEB  EXTRACTIVE. 

Two  methods  were  employed,  the  one  consisting  in  direct  extraction  of  the  sub- 
stance in  a  Soxhlet  apparatus  by  means  of  redistilled  ether  dried  over  sodium. 
Schleicher  &  Schtlll  extraction  cartridges  were  used  after  they  had  been  thoroughly 
extracted  by  ether  and  shown  by  examination  that  they  yielded  no  extractive  to 
ether  whatever.  This  is  a  necessary  precaution,  because  the  amount  of  ether  extrac- 
tive matter  in  these  cartridges  varies.  The  amount  of  ether  extractive  was  determined 
by  driving  off  the  ether  over  a  32-candlepower  incandescent  lamp,  finally  drying  and 
cooling  in  a  desiccator. 

This  method,  however,  is  not  satis^tory,  since  the  results  it  gives  are  undoubtedly 
low  and  it  seems  that  the  higher  the  material  was  dried  the  more  erratic  were  the 
results.    Therefore  the  following  method  was  used: 

Disolve  1  gram  of  the  sample  in  100  cc  of  water;  add  0.5  gram  of  sodium  acetate; 
extract  three  times  with  50  cc  of  ether  in  a  separatory  funnel;  mix  the  ether  so  recov- 
ered with  10  cc  of  water;  separate  the  ether  and  dry  with  fused  calcium  chlorid;  let 
stand  from  12  to  24  hours;  pour  off  from  the  calcium  chlorid;  distU  off  the  ether  as 
in  the  preceding  method;  acidify  the  color  solution  containing  sodium  acetate  with 
1  cc  concentrated  hydrochloric  acid;  extract  three  times  with  50  cc  of  ether,  and 
proceed  as  before. 

BESULTS  OF  CHEMICAL  EXAMINATION,  1907. 

DETAILED  CHEMICAL  DATA   ON  EACH  PERMITTED  COLOR. 

The  results  of  this  examination  are  given  in  the  following  tabula- 
tions under  the  respective  Green  Table  numbers;  the  serial  num- 
bers refer  to  the  numbers  assigned  to  the  specimens  as  they  were 
received.  The  abbreviations  "p."  and  "n.  p."  opposite  "Gutzeit 
test,"  and  ''Heavy  metals  test"  stand  for  "pass,"  and  "not  pass," 
respectively,  according  as  the  specimen  did  or  did  not  comply  with 
those  requirements;  the  entries  opposite  "Katio,"  indicate  the  degree 
of  concordance  of  the  sulphated  ash  as  weighed,  and  the  contained 
SO,  calculated  back  to  sodium  sulphate  and  is  a  measure  of  the  accu- 
racy or  dependability  of  the  sulphated  ash  item  and  its  determination. 
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As  a  guide  in  ascertaining  the  conformity  of  these  colors  to  their  sup* 
posed  standards  when  judged  by  the  analytical  data  obtained,  the 
following  table  may  of  service: 

PercetUages  ofstUphur,  sodium^  and  tulphaUd  ash  properly  belonging  to  each  of  the  seven 

permtUed  colors. 


Green 
Table 
No. 


4 

56 
85 
107 
435 
517 
002 


Name  of  colon. 


Naphthol  Yellow. 

PonoeauSR 

Orangel 

Amaranth. 

Light  Qreen. 

Erythroftin. 

IndigoUn. 


Sulphor. 


a95 
12.97 

9.16 
15.92 
11.12 

13.75 


Sodiom. 


12.87 
9.33 
6.58 

11.44 
a  31 
6.24 
9.89 


8nl- 

pbated 

ash. 


39.73 
28.80 
20.31 
35.32 
25.64 
16.17 
30.52 


>  lodto  in  No.  517-57.7  per  cent. 
Detailed  analytical  data  obtained  on  several  samples  of  each  of  the  permitted  colors  {per  cent). 

GREEN  TABLE  NO.  4.  NAPHTHOL  YELLOW  8. 


Detenninattoni. 

Serial  Nos. 

23. 

73. 

10b. 

142. 

187. 

aTO 
6.73 
2.65 

.07 
.04 
8&00 
38.18 
100.3 
12.32 
a72 
n.p. 

"fe 

.03 
.02 
.34 
.98 
1.32 
.062 

0.28 
3.47 
L37 

.07 

None. 

48.8 

49.57 

101.6 

15.82 

9.47 

n.p. 

n.p. 

None. 

None. 

None. 

.15 

.90 

1.05 

.042 

0.28 
L02 
.40 

.07 
None. 
47. 1 
^.32 
100.5 
15.46 
12.63 
n.p. 
n.p. 

NOM. 

None. 

None. 
.14 
.70 
.84 
.04 

0.60 
.61 
.24 

.07 

None. 

5L4 

51.76 

100.7 

16.66 

12.42 

n.p. 

n.p. 

NoM. 

None. 

None. 

.16 

.75 

.91 

.03 

0.33 

NaCl            

2.86 

NaasNaCl 

L13 

Solphated  ash: 

ill  and  Fe 

.28 

Ca. 

None. 

NadSOi 

49.2 

80,lnNaJ50«-NaJ504. 

Ratio    

49.44 
100.5 

NaasNaiSoi 

15.95 

Total  sulphur 

12.32 

Gutxeittest. 

n.p. 

Hea  w  metals  test r . 

Total  inaolubles. 

Nonvolatile... , .... r . . , , 

None. 

Volatile 

.05 

Acetate  ether  extract 

.10 

Ackl  ether  extract 

.32 

Total  ether  extract. 

.42 

Ether  extract  solid 

.022 

Determinations. 

Serial  Nos. 

201. 

209. 

228. 

272. 

280. 

Moisture. 

0.50 
23.67 
9.81 

.21 

.03 

49.20 

49.75 
101.1 
15.95 
6.35 
n.p. 

°Si 

.20 

:I3 

.33 
.47 
.10 

aoo 

4.08 
1.61 

None. 

None. 
53.10 
53.76 

101.3 
17.22 
12.56 
n.p. 

"•§) 

None. 
80 
.25 
1.08 
1.33 
.004 

a32 
2.86 
L13 

.07 

None. 

55.60 

56.45 

101.5 

18.03 

13.42 

n.p. 

"■& 

.10 
.02 
.08 
.90 
.98 
.13 

2.12 
8.26 
1.28 

.07 

None. 

45.60 

45.80 

100.4 

14.79 

10.50 

p. 

None. 
.90 
.15 
.72 
.87 
.04 

9.07 

NaCl 

9.39 

NaasNaCl 

3.70 

Bulphated  ash: 

AlandFe 

.07 

Ca. 

.07 

NaiSOi 

40.20 

80iinNad30«-NaaS04 

40.14 

Ratio 

99.84 

KaasNaiSOi 

13.03 

Total  sulphur 

7.65 

Gutzeittest 

p. 

Heavy  metals  test 

?•§> 

Total  Infoln^les 

Nonvolatile. 

.04 

Volatile     

1.16 

Acetate  ether  extract 

.10 

Acid  ether  extract 

Total  ether  extract 

.77 
.87 

I^tiierfxtiitct  solid                                     

.02 
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Detailed  analytical  data  obtained  on  several  samples  of  each  of  the  permitted  colors  (per 

cent ) — Continued . 


QREEN  TABLE  NO.  66.    PONCEAU  3R. 


DetBTinhmtkiDg. 

Serial 
No.  9. 

Determinations. 

Serial 
No.  9. 

Moisture 

6.76 
19.89 
7.84 

.28 
None. 
38.10 
38.56 

Ratio             

101  20 

NaCl 

NaasNaiSOi 

12.36 

NaasNaCI 

G  utEeit  test 

p. 

8alphated  ash: 

Heavy  metals  test 

AlandFe 

Acetate  ether  extract 

Ca 

Acid  ether  extract 

.83 

NaiSOi 

Total  ether  extract 

1.11 

SO|inNafS04-NafS04 

Ether  extract  solid 

.326 

GREEN  TABLE  No.  85.    ORANGE  I. 


Determinations. 

Serial  Nos. 

Determinations. 

Serial  Nos. 

16. 

224. 

16. 

224. 

Moistoie. 

11.06 
8.78 
3.18 

.14 
None. 
30.80 
31.18 
101.3 
9.99 

5.39 
3.51 
1.38 

.07 

.14 

18.00 

18.09 

100.50 

5.84 

Total  sulphur 

10.12 
p. 

.20 
L30 
.02 
.20 
.82 
.214 

8.34 

NaCl 

Gutzeittest 

n.p. 

NaasNaCI 

Heavy  metals  test 

Sulphate  ash: 

AlandFe 

Total  insolubles 

Nonvolatile 

.20 

Ca 

Volatile 

.35 

NatS04 

Aoetate  ether  extract 

.62 

BOi  In  NaiSO«-NatS04.. . . 

Acid  ether  extract 

.20 

Ratio 

Total  ether  extract 

.82 

NaasNaiSOi 

Ether  extract  solid 

.254 

GREEN  TABLE  No.  435.    LIGHT  GREEN  8F  YELLOWISH. 


Determinations.     ' 

Serial  Nos. 

57. 

92. 

168. 

233. 

Moisture 

8.32 
.041 
.016 

.70 
3.29 
9.00 
7.78 
86.46 
2.92 
11.48 
Tr.(p.) 

None. 
.20 
.02 
.05 
.07 
.026 

5.06 
.102 
.040 

.28 
.00 
43.40 
43.96 
101.30 
14.07 
15.44 
Tr.(p.) 

.4?- 

.06 
.39 
.02 
.06 
.07 
None. 

5.04 
1.735 
.683 

.14 
.065 
48.00 
46.68 
95.92 
15.56 
15.82 
Heavy. 

.7?- 
.60 
.15 
.05 
.05 
.10 
.02 

4.16 

NaCl 

1.590 

NaasNaCI 

608 

Sulphate  ash: 

AlandFe 

14 

Ca 

.066 

NafSOi 

63  00 

SOiinNasS04-NatS04 

53  62 

Ratio 

101.3 

NaasNaiS04 

17.19 

Total  sulphur 

16.75 

Gutselttest 

Heavy. 

Heaw  metals  test. 

Total  insolubles 

Nonvolatiie 

.60 

Volatile 

.35 

Acetate  ether  extract 

None. 

Acid  ether  extract 

.05 

Total  ether  extract 

06 

Ether  extract  solid 

.02 

GREEN  TABLE  No.  107.    AMARANTH. 


Determinations. 

Serial  Nos. 

82. 

96. 

130. 

162. 

177. 

219. 

Moisture 

4.24 
3«.91 
15.32 

.14 

.215 

65.20 

66.50 

6.46 
12.79 
5.04 

.07 

.857 

53.20 

55.60 

6.23 
35.79 
14.10 

.14 

.93 

59.80 

60.30 

9.81 
25.39 
10.00 

.42 

.428 

48.80 

49.52 

4.20 
28.45 

n.2i 

.42 

.428 

60.00 

61.26 

8.24 
24.21 
0.54 

.21 

.57 

49.  RO 

50.72 

NaCl 

NaasNaCI 

Sulphate  ash: 

AlandFe 

Ca 

Na«S04 

B0.inNaiS04-NaiS04 
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Detailed  ajwlyUcal  data  obtained  on  teverul  samples  of  each  of  the  permitted  colore  (per 

cent ) — Continued . 

GREEN  TABLE  No.  107.    AMARANTH-Contlnued. 


DetermtaiatiDiis. 

Serial  Nos. 

82. 

96. 

130. 

162. 

177. 

219. 

Ratio 

102.00 

21.13 

8.62 

None. 

n.p. 

.12 
.18 
.06 
.07 
.15 
.034 

100.80 
17.22 
13.02 
None, 
n-p. 

1.10 
•.40 
.15 
.15 
.30 
.062 

100.80 

19.39 

8.57 

None. 

n.p. 

1.10 
.96 
.18 
.15 
.83 
.062 

101.5 

15.82 

9.42 

.09 

n.p. 

.35 
.70 
.» 
.03 
.23 
.040 

102.1 

19.46 

11.09 

None. 

n-p. 

.36 
.65 
.03 
.08 
.06 
.044 

101.9 

NaaBNa^04 

16.14 

Total  sulphur 

8.64 

Copper. .'. 

None. 

Gntxeitteet 

n.p. 

Hoft vv  metals  test    .                   

°2S) 

Total'insoluldfls 

NonvolatUe 

Volattle 

1.16 
1.25 

Acetate  ether  extract 

.30 

Add  ether  extract 

.10 

Total  ether  contract 

.40 

Ether  extract  solid 

.064 

GREEN  TABLE  NO.  617.    ERYTHROSIN. 


Determinations. 


Serial  Nor. 


184. 


200. 


216. 


^54. 


Ifohittire 

NaCl  (not  determined) 

Solphiited  a«h: 

^landFe 

C« 

NaJSO^ 

80»  in  Nad30«-Nad304. 

Naai  NsiSOi 

Gntielttest 

HeaTy  metals  test 

Total  Insolobles 

Nonvolatile 

Volatile 

AoeUte  ether  extract 

Total  ether  extract 

Ether  extract  solid 


9.6 


0.14 
None, 
39.00 
39.44 
12.66 
P- 


.04 
.56 
.80 


0.14 
None. 
3A.69 
S&44 
11.52 
n.  p. 


None. 
.20 
.36 


.14 
None. 
31.80 
33.46 
10.40 
p. 

.S5 
.20 
.45 
.10 


.024 


.07 


.02 


0.2S 
None 
20.4 
26.8 
8.56 
p. 


.30 
.70 
.10 


.02 


GREEN  TABLE  NO.  692.    INDIGO  DISULPHO  ACID. 


DeterminaUons. 

Serial  Nos. 

Determinations. 

Serial  Nos. 

90. 

195. 

349. 

90. 

195. 

240. 

Molstare 

7.26 
7.02 
2.77 

.42 

.57 

26.20 

36.74 

102.10 

&50 

6.32 

28.66 
11.29 

.28 

.14 

56.40 

66.64 

102.20 
17.97 

7.31 
7.02 
3.77 

.56 

.71 

36.60 

37.36 

102.8 

8.G3 

Total  sulphnr 

ia30 

F.I 

.55 
1.05 
.02 
.06 
.07 
.002 

ia30 

".& 

None. 
.80 
.02 
.10 
.12 
.014 

10.09 

NaCl 

Guczeit  test 

pf?) 
1.16 

NaasNaCl 

Heavy  metals  test 

Total  Insolobles 

Snlphatedafh: 

AlandFe 

Nonvolatile 

.50 

Ca 

Volatile 

.66 

Na^Oi 

Add  ether  extract 

Total  ether  extract 

Ether  extract  solid 

.02 

SOt  in  Nad30«-Nat 
8O4 

.03 
.05 

Ratio 

.02 

NaasNaaSO« 

BEOALCULATION  OF  ANALTTIOAL  DATA  ON  BASIS  OF  OOLOBINO 
ICATTEB  PBESENT. 

The  difficulties  in  the  way  of  translating  these  analytical  data  into 
proximate  constituents  are  so  great,  in  so  many  of  the  cases,  as  to 
make  any  attempts  to  obtain  practical  results  in  that  way  absolutely 
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useless;  the  amount  of  material  on  hand  was  unfortunately  so  small 
at  the  beginning  (2  ounces  or  less,  in  most  instances)  that  ^e  utmost 
economy  of  material  was  necessary  to  get  the  data  reported,  on 
account  of  the  lai^e  amount  of  material  needed  in  the  exploratory 
work  done  in  trying  out  the  methods  for  determining  arsenic,  heavy 
metals,  and  ether  extractives. 

In  the  arsenic  test  the  coloring  matter,  as  a  whole,  was  considered, 
and  no  attempt  was  made  to  get  at  the  actual  amount  of  real  coloring 
matter  in  the  exact  weights  of  the  material  as  a  whole,  used  for  such 
examination,  and  consequently  the  results  are  not  translatable  into 
actual  weights  of  real  color  used.  It  is  obvious  that  if  2  grams,  or 
other  weight  of  the  substance  as  a  whole,  failed  to  pass  any  test  when 
the  whole  amount  was  considered  as  though  it  were  all  color,  the 
material  could  not  possibly  have  passed  those  tests  if  amounts  thereof, 
corresponding  to  the  prescribed  weights  of  actual  color  used,  were 
taken;  also  it  is  clear  that  if  the  sample,  as  a  whole,  passed  a  given 
test,  at  a  given  weight  thereof,  it  would  not  necessarily  have  passed 
that  test  had  an  amount  thereof,  corresponding  to  that  same  weight 
of  actual  color,  been  used. 

The  amount  of  actual  or  real  coloring  matter  in  27  of  these  30 
specimens  is  not  greater  than  shown  in  the  following: 

Per  cent  of  actual  coloring  matter  in  27  tamplea. 


Name  of  color. 


Serial 
No. 


Percent. 


Serial 
No. 


For  cent 


Naphthol  Yellow  8 

PoDoeaaSR 

Orange  I 

Amaranth 

Light  Qreen  SF  Yellowish 

Ervthrosln 

Indigo  Dlsolpho  Acid 


23 

73 
108 
142 
187 
9 
16 
82 
96 
130 
67 
92 
216 
90 
195 


91.20 
96.20 
97.86 
97.88 
96.84 
73.24 
78.44 
66.40 
78.95 
66.60 
91.37 
94.30 
89.66 
84.11 
66.10 


201 
209 
228 
272 
280 


76.56 
93.19 
95.73 
92.81 
79.47 


224 

89.76 

162 

63.52 

177 

66.40 

219 

64.25 

168 

92.87 

233 

98.32 

249 

84.47 

In  order  to  make  these  analytical  results  comparable  among  them- 
selves and  with  other  analytical  results  later  to  be  given,  the  items 
common  salt,  volatile  and  nonvolatile  insolubles,  total  insolubles, 
acetate  ether  extract,  acid  ether  extract,  and  total  ether  extract  of 
the  preceding  tabulations  have  been  recalculated  in  parts  per  100 
of  actual  or  real  coloring  matter  as  just  enumerated: 
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Analytiad  data  recalculated  to  parts  per  hundred  of  coloring  matter  preurU, 
QREEN  TABLE  NO.  4.    NAPHTHOL  YELLOW  B. 


Detennii»tkni8. 

Serial  No8. 

23. 

73. 

108. 

142. 

187. 

201. 

209. 

228. 

272. 
3.51 

280. 

fiOfTITflOll  Sftlt. 

7.38 

3.64 

1.04 

0.62  1  2.97 

^tra    4.3A 

2.99 

11.82 

Inaolubles: 

VolatUe ■. 

.02 
.03 

.00 
.00 

.00 
.00 

.00 
.00 

.06 
.00 

.13 
.27 

.86 
.00 

.02 
.10 

.97 

.00 

1.46 

Nonvolatile 

.05 

TotaL 

.05 

.00 

.00 

.00 

.05 

.40 

.80 

.12 

.97 

1.51 

Ether  extract: 

Acetate 

.37 

1.07 

.16 
.05 

.14 

.72 

.16 

.77 

.10 
.33 

.19 
.44 

.27 
1.16 

.08 
.94 

.16 
.78 

.13 

Acid 

.97 

TotaL 

L44 

LU 

.86 

.03 

.43 

.63 

L43 

1.02 

.94 

1.10 

GREEN  TABLE  NO.  56.    PONCEAU  8R. 


Detennloatioiis. 

Serial  No. 
9. 

DetennioatioDS. 

Serial  No. 
9. 

C^ovninoQ  salt. 

27.16 

Ether  extract: 

Acetate 

Inflotubles: 

0.38 

Volatile    

Acid 

LIB 

MnnvnUkHlA 

TotaL 

Lfil 

QREEN  TABLE  NO.  86.    ORANGE  L 


Serial  No8. 

DeterminatioDs. 

Serial  Nos. 

16. 

224. 

16. 

234. 

11.19 

3.91 

Acetate 

0.08 
.25 

0  60 

Inaolttble: 
Volatile 

L66 

.25 

.89 
.23 

Acid 

.23 

Total 

Nonvolatile 

.27 

.90 

TotaL 

L91 

.62 

GREEN  TABLE  NO.  107.    AMARANTH. 


Serial  Nos. 

82. 

96. 

130. 

162. 

177. 

210. 

Oflmmon  salt.. ^,^^-,,^ 

68.89 

16.20 

64.87 

80.97 

42.86 

87.80 

iDsolables: 

Volatile 

.82 

.21 

.61 
L89 

L71 
L96 

LIO 
.55 

.83 
.64 

LS3 

NoDvolatilB  

1.78 

TotaL 

.51 

L90 

8.69 

L65 

L87 

8.71 

EUier  extract: 

Acetate 

.14 
.12 

.19 
.19 

.82 
.27 

.81 
.05 

.08 
.06 

.46 

Add 

.16 

TotriJ.u. 

.26 

.88 

.60 

.86 

.08 

.CI 

Digitized  by 


Google 


190 


OOAI/-TAB  OOIiOBS  USED  IN  FOOD  PRODUCTS. 


Analytical  data  recalculated  to  parts  per  hundred  of  coloring  matter  present — Continued. 
GREEN  TABLE  NO.  436.    LIGHT  GREEN  SF  YELLOWISH. 


Determinatioiis. 

Serial  Nos. 

67. 

02. 

168. 

232. 

CoDimon  salt. 

ao4 

0.10 

1.88 

1  64 

Insoluble: 

Volatfle 

.22 

.00 

.41 
.06 

.16 
.65 

.38 

Nonvolatile 

.64 

Total 

.22 

.47 

.81 

LQ2 

Ether  extract: 

Acetate 

.02 
.06 

.02 
.06 

.05 
.06 

05 

Acid 

.06 

Total 

.07 

.07 

.10 

10 

GREEN  TABLE  NO.  617.    ERYTHR08IN. 


Detenninations. 

Serial 
No.  216. 

Determinations. 

Serial 
No.  216. 

Common  salt. 

Ether  extract: 
Acetate 

0.U 

Insoluble: 

a60 
.22 

Acid 

Volatile 

Total 

Nonvolatile 

11 

Total 

.72 

GREEN  TABLE  NO.  692.    INDIGO  SULPHO  ACID. 


Determinations. 

Serial  Nos. 

Determinations. 

Serial  Nos. 

go. 

195. 

249. 

90. 

195. 

249. 

ComTnoQ  salt. .......  ^  ^  ^ . 

8.35 

44.02 

8.31 

Ether  extract: 
Acetate 

0.02 
.06 

0.03 
.15 

0.02 
.04 

Insoluble: 

1.25 
.69 

1.23 
.00 

.77 
.50 

Acid 

Volatile 

Total 

Nonvolatile 

.06 

.18 

.06 

Total 

1.84 

1.23 

L86 

MABXET  QUALTTT  OF  THE  SBVBN  PEBMITTED  COLOBS. 

That  the  quaUty  of  the  lots  of  the  seven  permitted  colors  of  Food 
Inspection  Decision  No.  76  offered  on  the  markets  of  the  world  after 
the  issuance  of  that  decision  was  no  better  than  that  of  the  lots  just 
reported;  if  as  good^  appears  from  the  paper  of  E.  G.  Kohnstamm  enti- 
tled, '^Certified  Food  Colors:  The  Difficulties  in  the  Way  of  their 
Manufacture,"  presented  to  the  Seventh  International  Congress  of 
Applied  Chemistry  held  in  London,  May  and  June,  1909,  and  pub- 
lished in  abstract  form.     This  abstract  reads  as  follows: 

The  coal-tar  colors  permitted  under  the  food  and  drugs  act  of  the  United  States  are 
•even  in  number,  which  must  be  in  a  high  state  of  purity.  The  author  states  that  none 
of  the  colors  on  the  markets  of  the  world,  at  the  time  of  testing,  would  meet  these 
requirements. 
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Of  these  seven  colors,  189  samples,  from  every  possible  source,  and  representing  all 
the  leading  manufacturers,  are  here  reported  on,  and  the  results  of  their  examina- 
tion reasonably  establish  the  necessity  of  food  color  certification.  Of  these  189  sam- 
ples, the  worst  were  offered  for  food  coloring  purposes  and  seemed  to  be  so  offered 
because  unfit  for  any  other  purpose. 

Naphthol  Yellow  8, — Sixty-four  samples  examined,  ranging  in  shade  from  clear 
bright  yellow  to  a  dirty  brownish  or  green  color.  All  contained  Martins  Yellow,  some 
more  than  1  per  cent  thereof;  some  contained  as  high  as  2  per  cent  and  even  3  per  cent 
unconverted  initial  material  or  decomposition  products.  Forty-one  contained  exces* 
alve  arsenic  and  29  excessive  heavy  metals. 

Orange  /.—Twenty-eight  samples  examined;  all  contained  decomposition  products 
varjdng  from  a  slight  amoimt  to  over  50  per  cent;  free  ^-naphthol  was  found  in  most 
samples;  in  12  it  was  as  high  as  2  per  cent;  insoluble  matters  were  as  high  as  1  per  cent; 
lead  to  the  extent  of  0.5  per  cent  was  found  in  one  sample;  shading  by  .^dded  colors 
and  excessive  amoimts  of  arsenic;  lead  and  iron  were  frequent. 

Amararith, — ^Thirty-eight  samples  examined;  none  were  pure,  and  all  contained 
arsenic  in  excessive  amounts,  and  in  one  case  as  high  as  0.1  per  cent;  all  contained 
added  color,  principally  an  acid-violet.  Iron  as  high  as  0.1  per  cent;  insoluble  matter 
as  high  as  IJ  per  cent;  was  most  heavily  loaded  with  salt  of  all  seven  colors. 

Ponceau  SR, — ^Thirty-six  samples  examined;  the  purest  of  all  colors  tested;  not 
toned;  heavily  loaded  with  salt;  much  insoluble  matter  was  present;  decomposition 
products  were  absent;  iron,  0.01  per  cent;  12  contained  excessive  amounts  of  arsenic 
and  14  contained  excessive  amounts  of  heavy  metals. 

Erythrosin. — Twelve  samples  examined;  10  were  not  erythrosin  at  all;  of  the  other 
two,  one  was  low  in  iodin  and  one  contained  arsenic. 

Light  Oreen  8  F  FeZfotm/i.^Thirteen  samples  examined;  only  one  free  from 
arsenic;  nine  contained  lead  or  copper;  one  contained  manganese;  none  were  loaded. 

Indigo  DisiUphonic  Acid, — ^Eight  samples  examined;  none  were  pure;  the  iron  con- 
tent was  as  high  as  1.5  per  cent;  all  were  loaded  with  salt  or  Glauber's  salt.  One  con- 
tained excessive  amoimt  of  arsenic  and  two  excessive  amounts  of  heavy  metals. 

The  difficulties  consist  in  keeping  the  imdesirable  materials  out  of  the  dyes  or  in 
separating  them  from  the  crude  dyes,  or  both.  * 

In  this  connection  the  following  statement  made  by  Dr.  E.  Ludwig, 
of  Yiennai  at  the  International  Congress  of  Medicine  held  in  Buda* 
pest,  August,  1909,  may  be  of  interest: 

The  author,  at  an  order  of  a  court,  at  the  beginning  of  the  seventies  in  the  last  cen* 
tury,  examined  approximately  200  samples  of  food  products  confiscated  as  suspicious 
and  taken  from  numerous  sales  places  of  a  then  suburb  of  Vienna;  these  samples 
included  solid  confectionery,  fruit  sirups,  spirits,  etc.  He  found  that  more  than 
90  per  cent  of  these  things  were  colored  with  magenta  and  contained  arsenic.  In  some 
of  the  sales  places  the  preparation  used  for  coloring,  the  so-called  "couleur,"  was 
found,  which  proved  to  be  a  solution  of  magenta  and  in  which  there  were  contained  8 
per  cent  of  arsenic  in  the  form  of  arsenous  acid  and  of  arsenic  acid.  According  to  the 
statements  of  a  qualified  dyestuff  maker,  this  ''couleur"  was  a  mother  liquor  from 
magenta  manufactm^,  which  was  very  difficultly  saleable  and  which,  however,  a 
conscienceless  agent  had  talked  onto  ignorant  producers  of  and  dealers  in  foods. 

Schacherl  (p.  IQ46)  says:  ''It  should  be  required  of  all  permitted 
coloring  matters  that  they  shall  not  contain  substances  which  are 
harmful  to  health,  or  even  suspicious,  either  in  chemical  union  or  as 
contaminations."  The  following  pages  (Section  XV)  show  how 
closely  this  requirement  has  been  met  as  a  result  of  quality  control 
on  the  part  of  the  Department  of  Agriculture. 
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XV.  oniDES  nr  detebhihifo  degree  of  pubitt  ahd 

CLEAHinrESS. 

In  view  of  the  absence  of  any  statements  in  the  literature  defining 
the  purity  of  the  colors  physiologically  examined  with  such  accuracy 
that  another  could  obtain  with  reasonable  certainty  the  same  degree 
of  cleanliness^  it  became  necessary  to  devise  some  guide^  no  matter 
how  empirical;  in  the  setting  up  of  standards^  tentative  or  otherwise. 

As  a  first  consideration  it  was  held  that,  in  view  of  the  fact  that  all 
of  the  physiological  work  had  been  done  with  specimens  of  coal-tar 
colors  of  commercial  purity,  it  would  be  reasonable  to  suppose  that 
coal-tar  colors  produced  in  the  purest  form  possible  with  present-day 
methods  would  certainly  be  as  clean  and  as  free  from  admixture  bs 
any  of  the  commercial  products  subjected  to  physiological  test.  It 
was  considered  unreasonable  to  expect  that  increasing  the  degree  of 
purity  of  these  substances  could  in  any  way  increase  any  harmfid 
property  possessed  by  them.  Certainly  in  the  case  of  Naphthol 
Yellows,  where  Martins  Yellow  is  a  usual  contaminant,  it  can  hardly 
be  maintained  that  decreasing  the  amount  of  Martins  Yellow  would 
increase  any  harmful  property  which  might  reside  in  Naphthol  Yel- 
low S  proper;  in  the  case  of  Ponceau  3  R  it  could  hardly  be  aigued 
that  any  undisazotized  base  or  decomposition  products  of  diazo 
compounds  tended  to  correct  or  counteract  any  harmful  property 
that  might  reside  in  Ponceau  3  R  proper;  nor  could  it  be  maintained 
that  Orange  I  free  from  uncombined  alpha-naphthol  was  more  harmful 
than  Orange  I,  contaminated  with  alpha-naphthol,  and  so  on  through 
the  list  of  the  sevenT  permitted  colors.  This  point  would  not  be 
raised  had  it  not  been  pressed  repeatedly  by  different  persons  as  a 
serious  objection  to  quality  control  and  purity  standards  of  the  seven 
permitted  colors  of  Food  Inspection  Decision  No.  76. 

With  this  rule  in  mind,  and  referring  to  the  tabulated  results  of  the 
analyses  of  the  30  specimens  of  the  seven  permitted  colors  just  given, 
the  items  in  the  analytical  statements  will  each  be  separately 
discussed. 

Common  salt  and  ether  exlraclif>e. — C!ommon  salt  is  a  legitimate  com- 
ponent of  commercial  brands  of  coal-tar  colors  in  so  far  as  these 
coal-tar  colors  are  obtained  by  the  so-called  ''salting  out"  process. 
The  coal-tar  colors  are  recovered  from  solution  by  the  addition  of 
common  salt,  which  has  the  peculiar  property  of  separating  the  coal- 
tar  color  from  the  water  solution  as  an  undissolved  solid.  The 
coal-tar  color  so  obtained  will  contain  more  or  less  salt,  which,  from  a 
commercial  manufacturing  point  of  view,  is  therefore  an  unavoidable 
constituent.  The  amount  of  salt  so  accompanying  the  coal-tar 
color  depends  upon  the  amount  added  to  the  color  solution,  and  this 
is  greatest  when  complete  exhaustion  of  the  coal-tar  color  solution 
is  attempted.    It  is  a  matter  of  common  experience  that,  as  a  rule. 
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the  coal-tar  color  first  separating  in  the  salting-out  process  is  cleaner 
and  less  contaminated  than  the  portions  last  separating.  In  an 
endeavor  to  recover  as  far  as  possible  all  the  dissolved  coal-tar 
coloring  matter  the  manufacturer  adds  a  large  excess  of  salt,  and 
this  carries  with  it  a  large  amount  of  organic  matter  not  coloring 
matter,  as  can  be  seen  from  the  preceding  analyses,  where  a  high 
salt  content  is  almost  always  accompanied  by  a  high  ether  extract 
content.  The  ether  extract  content  is  a  measure  of  the  dkt  or 
oiganic  impurities  of  the  coloring  matter. 

The  objection  to  an  excessive  amount  of  salt  in  coal-tar  coloring 
matters,  when  they  are  to  be  used  for  food-coloring  purposes,  does 
not  reside  in  the  salt  per  se,  but  is  due  to  the  fact  that  a  high  salt 
content  seems  generally  to  be  accompanied  by  an  unnecessarily 
large  amount  of  oiganic  material  not  coloring  matter,  and  nothing 
good  is  known  of  such  material,  which  is  more  than  likely  to  be 
harmful. 

The  acetate  ether  extract  is  supposed  to  represent  that  part  of  the 
oiganic  material  not  coloring  matter  which  has  no,  or  only  slightly, 
basic  properties;  the  acid  ether  extract  is  supposed  to  represent  that 
part  of  the  oiganic  material  not  coloring  matter  which  has  acid 
properties.  In  the  case  of  Naphthol  Yellow  S  the  acid  ether  extract 
will  contain  all  of  the  Martins  Yellow,  and  very  likely  will  consist 
substantially  of  it.  In  the  case  of  Erythrosin,  of  course,  no  acid  ether 
extraction  was  attempted  because  the  color  acid  is  itself  ether- 
soluble.  •  '• 

The  following  tabulation  shows  the  percentages  of  salt  based  on 
the  amount  of  coloring  matter  present  contained  in  26  of  the  specimens 
before  reported  on,  arranged  under  each  of  the  seven  permitted 
colors: 

Naphthol  YeUow  8:  0.62;  1.04;  2.97;  2.99;  3.51;  3.64;  4.38;  7.38;  11.82;  31.53. 
(Average,  6.99.) 
Ponceau  3  R:  27.16. 
Orange  I:    3.91;  11.19.    (Average,  7.55.) 

Amaranth:  16.20;  37.39;  39.97;  42.85;  64.37;  68.89.     (Average,  44.95.) 
Light  Green  SF  Yellowish:  0.04;  0.10;  1.64;  1.S8.    (Average,  0.92.) 
Indigo  Disulpho  Acid*  8.31;  8.35;  44.02.    (Average,  20.23.) 

The  following  figures  give  the  same  data  for  the  acetate,  acid,  and 
total,  ether  extract: 

Ether  extractives. 

ACETATE   ETHER   EXTRACT. 

Naphthol  Yellow  S:  0.08;  0.10;  0.13;  0.14;  0.16;  0.16;  0.16;  0.19;  0.27;  0  37.     (Aver- 
age, 0.18.) 
Ponceau  3  R:  0.38. 

Orange  I:  0.02;  0.69.    (Average,  0.36.) 
Amaranth:  0.03;  0.14;  0.19;  0.31;  0.32;  0.46.     (Average,  0.24.> 
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Light  Green  SF  Yellowish:  0.02;  0.02;  0.05;  0.05.    (Average,  0.035.) 

Erythroeine:  0.11. 

Indigo  Disulpho  Acid:  0.02;  0.02;  0.03.    (Average,  0.03.) 

ACID   ETHER  EXTRACT. 

Naphthol  Yellow  S:  0.33;  0.44;  0.72;  0.77;  0.78;  0.94;  0.95;  0.97;  1.07;  1.16.     (Aver- 
age, 0.81.) 
Ponceau  3  R:  1.13. 

Orange  I:  0.23;  0.25.    (Average,  0.24.) 

Amaranth:  0.05;  0.05;  0.12;  0.15;  0.19;  0.27.     (Average,  0.14.) 
Light  Green  SF  Yellowish:  0.05;  0.05;  0.05;  0.05.     (Average,  0.05.) 
Indigo  Disulpho  Acid:  0.04;  0.06;  0.15.     (Average,  0.08.) 

TOTAL  ETHER  EXTRACT. 

Naphthol  YeUow  S:  0.43;  0.63;  0.86;  0.93;  0.94;  1.02;  1.10;  1.11;  1.43;  144.    (Aver- 
age, 0.99.) 

Ponceau  3R:  1.51. 

Orange  I:  0.27;  0.92.    (Average,  0.59.) 

Amaranth:  0.08;  0.26;  0.36;  0.38;  0.59;  0.61.    (Average,  0.38.) 

Light  Green  SF  Yellowish:  0.07;  0.07;  0.10;  0.10.    (Average,  0.09.) 

Erythrosin:  0.11. 

Indigo  Disulpho  Acid:  0.06;  0.08;  0.18.    (Average,  0.11.) 

Insoluble  matter. — ^The  amount  of  insoluble  matter  (total,  volatile, 
and  nonvolatile)  is  a  measure  of  the  cleanliness  of  the  materials 
used,  as  well  as  of  the  cleanliness  of  treatment  during  the  manu- 
facture of  the  coloring  matter.  The  following  tabulation  shows  the 
variations  in  these  three  figures  for  each  of  the  26  specimens  of  the 
7  permitted  colors,  examined,  as  in  the  preceding  cases: 

Insoluble  matter. 

VOLATILB   INSOLUBLE. 

Naphthol  Yellow  S:  0.00;  0.00;  0.00;  0.02;  0.02;  0.06;  0.13;  0.86;  0.97;  1.46.    (Aver- 
age, 0.35.) 
Orange  I:  0.39;  1.66.    (Average,  1.03.) 
Amaranth:  0.32;  0.51;  0.83;  1.10;  1.71;  1.93.    (Average,  1.07.) 
Light  Green  SF  Yellowish:  0.16;  0.38;  0.22;  0.41.    (Average,  0.29.) 
Erythrosin:  0.50. 
Indigo  Disulpho  Acid:  0.77;  1.23;  1.25.    (Average,  1.08.) 

NONVOLATILB  ^SOLUBLE. 

Naphthol  Yellow  S:  0.00;  0.00;  0.00;  0.00;  0.00;  0.00;  0.03;  0.05;  0.10;  0.27.    (Aver- 
age,  0.05.) 
Orange  I:  0.23;  0.25.    (Average,  0.24.) 

Amaranth:  0.21;  0.54;  0.55;  1.39;  1.78;  1.98;    (Average,  1.08.) 
Light  Green  SF  Yellowish:  0.00;  0.06;  0.64;  0.65.    (Average,  0.34.) 
Erythrosin:  0.22. 
Indigo  Disulpho  Acid:  0.00;  0.59;  0.59.    (Average,  0.36.) 

TOTAL  INSOLUBLE. 

Naphthol  Yellow  S:  0.00;  0.00;  0.00;  0.05;  0.05;  0.12;  0.40;  0.86;  0.97;  1.51.    (Aver- 
age, 0.40.) 
Orange  I:  0.62;  1.91.    (Average,  1.27.) 
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Amaranth:  0.53;  1.37;  1.65;  1.90;  3.69;  3.71.    (Average,  2.14.) 
Light  Green  SF  Yellowish:  0.22;  0.47;  0.81;  1.02.    (Average,  0.63.) 
Erythrodn:  0.72. 
Indigo  Disulpho  Acid:  1.23;  1.36;  1.84.    (Average,  L  48.) 

Work  subsequent  to  these  analyses  showed  that  the  insoluble 
matter,  particularly  the  nonvolatile  insoluble  matter,  was  greater 
in  certain  batches  than  in  others,  and  that  these  amounts  were  in 
excess  of  the  maximum  amounts  reported  therefor.  Examination 
showed  that  these  increased  amounts  of  insoluble  matter  were 
probably  due  to  variations  in  the  water  delivered  to  the  factories 
by  their  respective  municipal  water  supplies,  since  it  was  noted  that 
m  two  or  more  cases  the  batches  containing  an  exceptionally  large 
amount  of  nonvolatile  insoluble  matter  were  manufactured  at  a 
time  when  the  city  water  supply  was  abnormally  hard;  this  item, 
therefore,  has  been  made  in  some  instances  a  little  more  elastic  than 
the  preceding  analyses  would  seem  to  justify. 

Arsenic, — Examination  of  the  preceding  tabulations  shows  that 
14  out  of  30  specimens  tested  passed  the  Gutzeit  test  for  arsenic,  and 
16  failed  to  pass. 

Heavy  metals, — Inspection  of  the  preceding  tables  shows  that  13 
out  of  30  specimens  passed  this  test,  and  that  17  failed  to  pass. 

Combined  arsenic  and  heavy  metals  test. — Inspection  of  the  preceding 
tables  shows  that  11  out  of  30  passed  both  tests  jointly;  that  3 
passed  the  arsenic  test  and  failed  to  pass  the  heavy  metals  test;  and 
that  2  passed  the  heavy  metals  test  and  failed  to  pass  the  arsenic 
test. 

Moisture. — ^The  amount  of  moisture,  as  inspection  of  the  preceding 
analyses  shows,  is  variable,  and  is  a  factor  not  under  easy  control. 
As  long  as  the  coloring  matters  submitted  for  foundation  certification 
were  in  powder  form  and  the  analyses  disclosed  the  actual  percentage 
of  coloring  matter  it  was  considered  that  any  control  of  this  item 
would  involve  an  amount  of  labor  and  provide  opportunities  for 
friction  wholly  out  of  proportion  to  any  benefit  that  at  present  could 
be  realized  therefrom.  Therefore  such  control  was  not  instituted, 
although  it  by  no  means  follows  that  the  time  may  not  come  when 
control  of  this  item  will  be  necessary. 

Sulphur  and  sulpJuUed  a^h, — ^These  two  determinations  in  the 
case  of  all  the  permitted  colors,  except  Erythrosin,  give  a  rough 
measure  of  the  extent  of  the  sulphonation  and  of  the  saturation  of 
the  sulphonic  acids  with  sodium.  It  is  not  the  function  of  these 
two  items  to  exclude  the  isomeric  modifications,  nor  was  any  test 
applied  to  such  of  these  30  specimens  as  were  examined  in  this  respect 
to  determine  the  presence  or  absence  of  such  products.  The  attempts 
made  in  this  direction  are  of  a  later  date  than  the  analyses  already 
reported,  and  are  indicated  on  page  210  of  this  report. 
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With  these  data  available,  and  with  the  general  rule  stated  at  the 
opening  of  this  section  in  mind,  it  was  regarded  as  the  proper  course, 
when  determining  upon  standards,  to  require  that  each  color  should 
pass  the  combined  heavy  metals  and  arsenic  test  of  the  United  States 
Pharmacopoeia,  and  in  other  respects  should  be  as  clean  and  as  high- 
grade  as  the  best  of  each  class  given  in  the  preceding  analyses.  Just 
how  closely  it  was  possible  to  adhere  to  this  rule  will  be  shown 
later. 

With  respect  to  the  arsenic  requirement,  there  has  been  a  great 
deal  of  discussion  brought  on  by  those  interested  in  the  manufacture 
of  these  colors.  It  was  protested  that  colors  could  not  be  made 
uniformly  and  continuously  under  manufacturing  conditions,  which 
would  contain  an  amount  of  arsenic  so  small  that  a  quantity  of  the 
product  containing  2  grams  of  the  coloring  matter  in  question  would 
not  respond  to  the  Gutzeit  test  in  the  United  States  Pharmacopoeia. 
The  results  above  given  with  respect  to  cx)nformity  or  nonconformity 
to  the  Gutzeit  test,  were,  with  a  great  deal  of  justification,  not  regarded 
as  conclusive,  because,  as  has  been  previously  stated,  there  was  no 
certainty  that  the  amount  of  coloring  matter  actually  taken  did 
represent  2  grams.  In  view  of  the  fact  that  the  United  States  Phar- 
macopoeia prescribes  for  the  only  coal-tar  color  in  it,  namely,  Methy- 
lene Blue,  that  it  shall  be  so  free  from  arsenic  that  2  grams  fail  to 
respond  to  the  Gutzeit  test,  it  was  considered  perfectly  justifiable 
to  adhere  to  that  requirement  until  it  could  be  conclusively  shown 
that  it  was  unreasonable  and  incapable  of  attainment.  Results 
described  in  the  pages  that  foUow  show  that  it  has  been  possible  to 
make  all  the  7  permitted  colors  of  Food  Inspection  Decision  No.  76 
so  free  from  arsenic  that  they  comply  with  the  Pharmacopoeial 
test. 

With  respect  to  the  heavy  metals,  no  deviation  was  necessary  for 
the  nonferrous  metals  from  the  test  of  the  Pharmacopoeia;  for  iron, 
however,  it  was  found  necessarj"  to  increase  the  limit  to  substantially 
0.005  part  per  100  of  actual  coloring  matter.  The  reason  for  this  is 
that  at  one  time  or  another  all  of  the  seven  permitted  coloring  matters 
in  the  course  of  their  manufacture  come  in  contact  with,  or  are  con- 
tained, in,  vessels  of  iron,  and  it  seems  to  be  almost  impossible  to 
keep  iron  out  to  an  extent  which  would  bring  the  color  within  the 
pharmacopoeial  test.  It  has  been  shown  that  there  were  13  colors 
on  the  market  in  1 907  which  contained  so  little  iron  that  they  failed 
to  respond  to  the  heavy  metals  test  of  the  Pharmacopoeia  in  that 
respect;  but  here  again  the  same  criticism  holds  good  as  in  the  arsenic 
test,  that  there  is  no  certainty  that  the  amounts  taken  for  the  heavy 
metals  tests  were  equivalent  in  each  case  to  1  gram  of  actual  coloring 
matter,  and  subsequent  experience  seems  to  confirm  the  correctness 
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of  that  criticism;  therefore  the  rule  for  cleanliness  of  product,  as  just 
given,  has  been  modified  in  that  respect  and  to  that  extent. 

That  it  was  only  fair  and  reasonable  to  expect  considerable 
improvement  in  the  cleanliness  and  purity  of  food  colors  was  made 
evident  by  an  examination  of  two  substances  sold  in  the  United 
States  in  large  quantities  for  the  purpose  of  making  a  very  cheap 
red  coal-tar  coloring  matter,  which  is  used  in  many  of  the  cheapest 
coloring  operations,  for  paints,  inks,  etc.  These  substances  are 
paranitranilin  and  betanaphthol.  They  were  found  in  the  United 
States  market  in  such  a  condition  of  cleanliness  and  purity  that  had 
they  been  suitable  for  use  in  foods  no  objection  could  be  raised 
against  them  on  these  scores.  They  complied  with  the  requirements 
of  the  United  States  Pharmacopoeia  with  respect  to  freedom  from 
arsenic  and  all  heavy  metals,  inclusive  of  iron.  The  significance  of 
this  lies  in  the  fact  that  all  the  raw  materials  entering  into  the  manu- 
facture of  paranitranilin  and  betanaphthol  also  enter  into  the  manu- 
facture of  the  seven  permitted  colors  of  Food  Inspection  Decision 
No.  76,  and  that  the  only  source  of  arsenic  in  food  colors,  and  probably 
the  only  way  in  which  iron  could  be  introduced  into  them,  is  by  way 
of  the  materials  entering  into  the  manufacture  of  paranitranilin 
and  betanaphthol,  and  since  it  has  been  shown  to  be  commercially 
possible  to  keep  those  bodies  out  of  paranitranilin  and  betanaphthol, 
and  since  there  is  no  occasion  whatever  for  arsenic  or  iron  or  other 
heavy  metal  being  present  in  any  of  the  materials  used  in  the  manu- 
facture of  the  seven  permitted  colors  of  Food  Inspection  Decision 
No.  76,  over  and  above  the  materials  used  in  the  manufacture  of  para- 
nitranilin and  betanaphthol,  there  was  every  reason  for  believing 
that  the  seven  permitted  colors  of  Food  Inspection  Decision  No.  76 
could  ultimately  be  manufactured  and  marketed  in  the  same  degree 
of  cleanliness  and  purity  that  paranitranilin  and  betanaphthol  are 
marketed;  in  other  words,  that  food  colors  could  be  made  as  clean 
and  as  pure  as  paint  colors,  a  condition  not  existing  in  the  food-color 
market  of  the  United  States  in  the  summer  of  1907. 

The  results  of  the  control  exercised  by  the  Department  of  Agricul- 
ture over  the  quality  of  food  colors,  as  compiled  in  the  following 
section,  fully  justify  such  expectations,  as  well  as  the  aim  to  make 
coal-tar  colors  when  used  for  food  purposes  of  the  same  high  degree 
of  cleanliness  and  purity  as  when  they  are  to  be  used  as  drugs  or  as 
they  actually  are  when  used  for  the  manufacture  of  paints  and  printer's 
inks;  that  is  to  say,  that  the  coal-tar  color  tksed  in  a  colored  food 
should  be  as  clean  as  the  coal-tar  color  used  in  making  the  ink  on  the 
label  of  such  colored  food,  the  very  reverse  of  the  situation  existing 
prior  to  the  quality  control  now  established. 
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XVI.  AHALTSES  OF  CEBTIFIED  LOTS  OF  PEBMITTED  COLOES, 

190^10. 

TABULATION  OF  BBSX7LTS. 

The  analytical  results  obtamed  on  74  batches  of  certified  colors, 
totaling  upward  of  32,000  pounds,  are  given  in  the  following  tables. 
The  analytical  results  are  the  work  of  the  New  York  Food  and  Drug 
Inspection  Laboratory  in  the  course  of  checking  up  the  analytical 
results  certified  to  in  foundation  and  in  supplementary  certificates. 
The  period  covered  by  these  examinations  is  approximately  from 
July,  1909,  to  January  1,  1910. 

Naphthol  Yellows. 

[Figures  oakmlated  to  100  parts  pure  color  and  arranged  in  the  order  of  their  sise.  Figores  on  the  same 
horisontal  lines  do  not  refer  to  the  same  samples;  the  dash  line  shows  the  location  of  the  average  of  each 
oolomn.J 


Insolubles. 

Com- 
mon 
salt. 

Sul- 
phur. 

So- 
dium. 

Cal- 
cium. 

Number  of  hatches. 

Total. 

Inor- 
ganic. 

Neu- 
tral. 

Alkali. 

Acid. 

Total. 

1 

0.170 
.130 

.097 
.090 

.062 

.079 

0.100 
.078 

.060 
.046 

0.036 
.026 

.024 
.023 

.019 

.018 

0.010 
.007 

.006 
.006 

.005 

.005 

0.067 
.065 

.042 
.038 

.036 

0.068 
.073 

.072 
.064 

.061 

.067 

.056 
.054 

4.06 
2.26 

1.68 
1.41 

1.30 

9.23 
8.99 

8.98 
8.96 

8.89 

13.27 
13.21 

0.13 

2 

.13 

8 

12.92 
12.90 

12.89 

12.89 

12.87 
12.87 

12.81 
12.76 

.05 

4 

.04 

5 

.040 

.036 

.032 
.030 

.010 
.010 

6 

.034 

.031 
.026 

.025 
.025 
.020 
.018 

.63 

.63 

.48 

.47 
.25 
.24 
.19 
.19 

8.86 

8.86 
8.83 

8.71 
8.70 
8.62 

7 

.070 
.060 

.056 
.060 
.050 
.030 
.030 

.016 
.012 

.011 
.010 
.007 
.006 

.004 
.004 

.000 
.000 
.000 
.000 

8 

9 

.048 
.045 
.045 
.045 
.044 

10 

11  

12             

13 

Average 

.076 
6 
7 

.043 

4 
6 

.017 
6 
6 

.004 
6 
6 

.035 
5 
7 

.051 
8 
5 

1.06 
5 
8 

8.87 
5 
6 

12.93 
2 
8 

.09 

Above 

2 

Below 

2 

Ponceau  SR. 

[Figures  oakmlated  to  100  parts  pure  color  and  arranged  in  the  order  of  theh:  sice.  Figures  in  the  same 
horisontal  line  do  not  refer  to  the  same  sample;  the  dash  line  shows  the  location  of  the  average  of  each 
column.] 


Number  of 
batches. 

Insoluble. 

Ether  extractives. 

Com- 
mon 
salt. 

So- 
dium 

sul- 
phate. 

Sul- 
phur. 

So- 
dium. 

Cal- 
cium. 

Bpillng 

potato! 

cumi- 

din. 

Total. 

Inor- 
ganic. 

Neu- 
tral. 

Alkali. 

Add. 

Total. 

0.65 
.42 

.41 

.27 

0.29 
.20 

.17 

0.166 
.163 

.161 

0.034 
.033 

.032 

0.019 
.018 

.018 

.018 

0.216 
.213 

.201 

5.72 
6.67 

6.67 

5.00 

0.06 
.06 

13.03 
12.99 

12.95 

12.88 

9.51 
9.49 

9.31 

9.31 

9.23 

0.18 
.15 

222-235 

222-235 

.00 

.00 

.00 

.00 
.00 
.00 
.00 

.14 
.14 
.12 
.12 

222-235 

.12 

.11 

.11 
.09 
.07 

.072 

.053 

.062 
.038 
.038 

.009 

.006 

.002 
.002 
.000 

.098 
.073 

.072 

.058 
.057 

220-230 

.17 

.17 
.16 
.14 
.10 

.017 

.017 
.016 
.014 

4.12 

3.73 
8.71 
3.03 
2.53 

12.80 

12.80 
12.77 
12.64 

220-230 

9.16 
9.12 
9.07 

8.74 

220-230 

220-229 

225-228 

216-226 

Average. 

Above 

Below 

.266 

4 
5 

.15 
3 
6 

.093 
3 
6 

.015 
3 
6 

.017 

4 
4 

.124 
3 
6 

4.34 

4 
5 

.01  1  12.83 

'          4 

4 

9.21 
5 

4 

.14 
2 
4 

221-231 
3 
6 
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Orange  I. 

[Piguros  calculated  to  100  parts  pure  color,  and  arranged  in  tbe  order  of  their  sise.  Figures  in  the  same 
horizontal  line  do  not  refer  to  the  same  sample;  the  dash  Une  shows  the  location  of  the  average  of  each 
column.] . 


Number  of 
hatches. 

Insoluble. 

Ether  extractives. 

Com- 
mon 
salt. 

So- 
dium 

sul- 
phate. 

Sul- 
phur. 

So- 
dium. 

Cal- 
cium. 

Total. 

Inor- 
ganic. 

Neu- 
tral. 

Alkali. 

Add. 

Total. 

1 

0.39 

.38 
.28 

.23 

.23 

0.18 

.06 
.08 

0.224 

.220 
.210 

.207 

.181 

.177 

.174 

0.093 

.060 
.043 

.035 

.035 

0.06 

.077 
.067 

.055 

0.360 

.309 
.306 

.300 

.269 

.267 

3.13 

3.13 
3.04 

2.36 

0.22 

9.20 

9.23 
9.12 

9.10 

9.06 

9.06 

9.05 

9.02 

6.82 

6.76 
6.63 

6.62 

0.29 

2 

.10 

.24 

3 

.24 

4 

.05 
.04 
.04 
.03 
.03 
.02 

.22 

6 

.048 
.039 
.036 
.029 
.016 

1.98 

1.91 

1.90 

1.41 

1.05 
1.01 

6.54 
6.48 
6.32 
6.21 

.05 

6 

.16 

.15 

.11 

.10 
.05 

.020 

.018 

.015 

.011 
.011 

.04 

7 

.246 

.224 

.175 
.124 

8 

.124 

.107 
.097 

• 

9 

8.96 
8.15 

10 

Averan.... 

Above. 

Below 

.21 
5 
5 

.06 
3 
6 

.172 
7 
3 

.034 
5 
5 

.050 

4 
5 

.258 
6 

4 

2.09 
4 
6 

.03 

1 
1 

9.00 
8 
2 

6.55 

4 
4 

.18 

4 
2 

Amaranth, 

(Figures  calculated  to  100  parts  pure  color  and  arranged  in  the  order  of  their  size.  Figures  on  the  same 
horisontal  lines  do  not  refer  to  the  same  samples;  the  dash  line  shows  the  location  of  the  average  of  each 
column.] 


Insoluble. 

Ether  extractives. 

Com- 
mon 
salt. 

Sul- 
phur. 

Sodi- 
um. 

Calci- 
um, 

Number  of  batches. 

TotaL 

Inor- 
ganic. 

Neu- 
tral. 

Alkali. 

Acid. 

Total. 

1 

0.43 
.39 
.29 

.23 

.21 

0.33 
.30 
.19 

.15 

.10 

.10 

0.090 
.088 
.069 

.047 

.042 

0.030 
.017 
.009 

.007 

.007 

0.050 
.017 
.015 

.014 

.012 

.012 

.012 

0.168 
.101 
.100 

.060 

4.18 
4.16 
3.83 

3.73 

3.67 

3.08 

3.02 

2.94 
2.70 

16.04 
IfiiSO 
15.63 

15.61 

15.59 

15.58 

15.57 

15.57 
15.56 

15.54 
15.52 
15.52 
15.52 

14.22 
14.19 
12.10 

0.20 

2             

.19 

3    

.17 

4 

11.47 

11.43 

11.43 

11.42 

11.38 
11.33 

11.32 
11.31 
11.20 
11.27 

11.27 
11.23 
11.21 
11.18 
11.15 
11.14 
11.10 
11.01 

.14 

5         

.056 

.053 

.052 

.051 
.048 

.042 
.042 
.040 
.039 

.038 
.038 
.038 
.035 
.035 
.029 

.14 

6 

.13 

.12 

.12 
.12 

.11 
.11 
.11 
.11 

.092 

.09 

.09 

.089 

.08 

.070 

.07 

.04 

.035 

.034 

.034 
.034 

.031 
.031 
.031 
.027 

.026 
.026 
.025 
.021 
.019 
.018 
.012 

.005 

.005 

.005 
.005 

.004 
.004 
.004 
.004 

.004 
.003 
.002 
.001 
.000 
.000 
.000 

.13 

7 

.06 

.05 
.05 

.04 
.04 
.040 
.036 

.03 

.03* 

.025 

.02 

.02 

.02 

.02 

.13 

8 

.010 
.009 

.008 
.008 
.007 
.006 

.006 
.005 
.005 
.004 
.003 
.003 

.12 

9 

.12 

10 

2.62 
2.21 
2.12 
2.12 

2.04 
1.94 
1.94 
1.91 
1.91 
1.23 
1.22 

.12 

11 

.11 

12 

.09 

13 

.09 

14 

15.47 
15.43 
15.41 
15.41 
15.41 
15.40 
15.12 
15.12 

.09 

15 

.09 

16     

.08 

17 

.07 

18 

.00 

19 

20 

21                

Average 

.148 
5 
16 

.083 
6 
14 

.037 
5 
15 

.006 
5 
15 

.011 
7 
12 

.056 
4 
15 

2.63 
9 
11 

15.51 
13 
8 

11.50 
3 
18 

.012 

Above. 

7 

Below 

11 
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Light  Green  SF  Yellovrish. 

[Figuras  calculated  to  100  parts  pure  color  and  arranged  in  the  order  of  their  sice.  Figores  in  the  same 
horixontal  line  do  not  refer  to  the  same  sample;  the  dash  line  shows  the  location  of  the  average  of  each 
column.] 


Number  of 
batches. 

Insoluble, 

Ether  extractives. 

C!om- 
mon 
salt. 

8odl. 
urn 
sul- 
phate. 

Sul- 
phur. 

Sodi- 
um. 

Calci- 
um. 

TotaL 

Inor- 
ganic. 

Neu- 
traL 

ADcaU. 

Add. 

TotaL 

1 

0.07 
.045 

a084 
.02 

0.068 

a  Oil 
.007 

0.011 
.000 

0.076 

4-15 

0.00 

.00 

.00 
.00 
.00 

.00 

12.60 
12.27 

8.03 

7.99 

7.99 
7.94 
7.73 

4.52 

2 

.041 

.034 
.033 

.054 

.053 
.042 

.64 

.515 
.43 
.37 

.10 

3 

.03 

.01 
.01 
.01 

.01 

.006 
.000 

.008 
.007 

12.07 
11.88 
11.88 

.09 

4 

.02 
.02 

.01 

.06 

5 

.05 

0 

1.56 

Average 

Above 

Below 

• 

.033 
2 

4 

.017 
2 
3 

.041 

1 
3 

.006 
2 
2 

.008 
2 
2 

.056 

1 
3 

1.221 

1 
4 

.00 
0 
0 

12.16 
2 
3 

6.87 
5 

1 

.96 

1 
4 

Erythrosin. 

[Figures  calculated  to  100  parts  pure  color  and  arranged  in  the  order  of  their  site.    Figures  in  the  same  hori- 
sontal  line  do  not  refer  to  the  same  sample;  the  dash  line  shows  the  location  o  the  average  of  each  column.] 


Insoluble. 

Neu- 
traL 

Bther  extractives. 

Com- 
mon 
salt. 

Sodi- 
um 
sul- 
phate. 

Sodi- 

Number  of  batches. 

TotaL 

Inor- 
ganic 

AlkaU. 

Add. 

TotaL 

lodln. 

1 

a  18 
.09 

0.09 
.04 

a039 
.039 

.087 

0.017 
.009 

.008 



0.051 
.048 

.047 

1.18 
LOO 

.48 

aoo 

.00 

.00 

.00 
.00 
.00 

.00 
.00 
.00 

5.42 
5.85 

5.88 

5.29 
5.15 
5.11 

57.45 

2 

56.46 

3       

.059 

.05 
.04 
.04 

.04 
.03 

.024 

.01 
.01 
.01 

.01 

56.40 

4    

.034 
.033 
.033 

.027 

.002 
.002 
.000 

.037 
.035 
.035 

.027 

.23 
.09 
.09 

.09 
.09 
.036 

56.07 

6 

55.98 

Q        

55  97 

7       

8.85 

55.94 

8 

55.90 

9 

55.88 

Average 

.059 

.028 
2 
5 

.035 
8 

4 

.006 
3 
3 

.040 
3 

4 

.360 
3 

• 

.00 

5.07 
6 

1 

56.23 

Above 

3 

Below 

6 

Indigo  disulpho  acid. 

[  Figures  calculated  to  100  parts  pure  color  and  arranged  in  the  order  of  their  sice.  Figures  on  the  same  hori- 
contal  lines  do  not  refer  to  the  same  samples;  the  dash  line  shows  the  location  of  the  average  of  each 
column.) 


Number  of 
batches. 

Insoluble. 

Ether  extractives. 

Com- 
mon 
salt. 

Sodi- 
um- 
sul- 

phate. 

Sul- 
phur. 

Sodi- 

Cald- 

TotaL 

Inor- 
ganic. 

Neu- 
tral. 

Alkali. 

Acid. 

Total. 

1 

aso 

.46 
.45 

a28 
.26 
.25 
.24 

0.140 
.134 

0.087 
.061 

0.099 

0.320 
.217 

6.77 
3.60 
3.21 

16.12 
ia22 

13.45 
13.43 
13.42 
13.39 

iai3 

9.90 
9.64 
9.60 

0.45 

2 

.038 
.026 
.024 
.016 

.13 

3 

.102 
.088 
.075 

.029 
.015 
.013 

.143 
.141 
.126 

4.79 

.00 

.00 
.00 

.  13 

4 

.43 

.42 
.32 

2.89 

L85 
.40 

.05 

ft 

.22 

.16 

13.22 
13.15 

9.13 

8.54 

6 



Averase 

Above 

Below 

.43 
3 
3 

.235 

4 
2 

.108 
2 
8 

.041 
2 
3 

.041 
1 
4 

.189 
2 
3 

3.12 
3 
3 

5.19 

13.34 

4 
2 

9.49 
4 
2 

.19 

1 
3 
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COMPABISON  WITH  ANAI<TSSS  KADS  IN  1907. 

A  comparison,  as  far  as  possible,  of  these  figures  with  the  corre- 
sponding data  previously  given  for  samples  on  the  market  in  the 
summer  of  1907  is  made  in  the  following  table.  The  figures  in  this 
new  table  show  the  value  of  the  fraction  obtained  by  dividing  the 
old  average  figure  by  its  corresponding  new  average  figure — that  is, 
they  show  how  many  times  greater  the  old  average  figures  are  than 
the  corresponding  new  average  figures.  Italics  indicate  those  items 
in  which  there  has  been  a  retrogression  in  the  new  figures  as  com- 
pared with  the  old;  all  the  other  figures  represent  an  advance.  It 
will  be  noted  that  comparisons  are  not  made  for  Ponceau  3R  and 
Erythrosin.  This  comparison  was  omitted  because  there  was  but 
one  sample  of  I^onceau  3R  examined  and  a  partial  analysis  of  one 
sample  of  Erythrosin  in  the  old  work. 


Ratio  of  average  figures  of  1907  to 

those  for 

the  certified  colors,  1909. 

Salt. 

Insoluble. 

Ether  extracts. 

Color. 

Total. 

Volatile. 

NODTOl. 

atile. 

Nonacid. 

Add. 

TotaL 

Naphtbol  Yellow  8 

4.88 
3.54 
16.07 
.66 
8.05 

4.44 

».07 
11.26 
31.00 

3.» 

9.02 
20.60 
21.40 
29.00 

5.4 

0.67 
3.00 
7.71 
17.00 
1.56 

7.50 

1.57 

4.07 

.66 

.16 

21.80 
4.53 

10.77 
6.25 
3.48 

15.97 

Onn09 

3.26 

Amaranth 

5.00 

Qreen. 

1.67 

Blue 

.68 

These  retrogressions  are: 

1.  Salt  in  the  Green. 

2.  Nonvolatile  insolubles  in  the  Yellow. 

3.  Nonacid  ether  extract  in  the  Green. 

4.  Nonacid  ether  extract  in  the  Blue. 

5.  Total  ether  extract  in  the  Blue. 

With  respect  to  the  first  of  these  retrogressions  there  is  this  to  be 
said:  One  lot  of  Green  had  apparently  been  purified  by  precipitation 
with  salt,  since  it  was  in  every  other  respect  of  a  high  quality — that 
is,  it  was  free  from  arsenic  and  heavy  metals  within  the  pharmacopoeial 
test,  and  its  ether  extractives  were  very  satisfactory.  The  other  lots 
of  Green  examined  had  apparently  not  been  made  in  this  manner. 

With  respect  to  the  second  retrogression,  the  probable  explanation 
is  that  some  of  the  lots  were  made  during  a  period  when  the  municipal 
water  supply  was  excessively  hard,  as  before  explained.  The  remain- 
ing three  retrogressions  are  probably  due  to  the  fact  that  the  old 
methods  of  analysis  used  were  not  so  accurate  as  the  methods  later 
employed  and  hereinafter  described  (pp.  223,  225). 

It  will  be  noted  that  in  three  of  the  six  batches  of  Indigo  disulpho 
acid  reported  there  is  no  sodium  sulphate;  whereas  in  the  other  three 
batches  the  amount  of  this  substance  is  as  high  as  16.12.  The  reason 
for  this  is  that  in  the  early  stages  of  the  work  the  results  obtained 
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by  the  manufacturers  pointed  in  the  direction  of  the  impossibility  of 
getting  rid  of  all  the  sodium  sulphate;  but  later  and  more  extended 
work  showed  this  conclusion  to  be  an  error.  There  is  therefore  no 
good  reason  for  permitting  sodium  sulphate  as  a  contaminant  in  this 
or  any  other  of  the  seven  products. 

CONFORMITY   OF  ANALYTICAL  DATA   WITH  THEORETICAL  COM- 
POSITION. 

The  seven  tables  following,  likewise  based  ^  upon  the  74  Govern- 
ment analyses,  show  the  conformity  or  nonconformity,  as  the  case 
may  be,  of  these  samples  with  their  theoretical  composition.  The 
second  and  third  columns  show  the  percentage  based  on  theory  of 
the  contained  sulphur  and  sodium  in  the  case  of  all  colors  except 
Erythrosin,  where  the  figures  for  iodjji  are  substituted  for  those  of 
sulphur.  The  fourth  column  shows  the  actual  ratio  of  sodium  to  sul- 
phur or  iodin^  as  the  case  may  be,  and  the  fifth  column  gives  the 
percentage  of  the  figure  of  column  4  based  on  the  theoretical  value 
which  is  given  in  parentheses  at  the  head  of  columns  4  and  5.  The 
sunmiary  gives  the  maximum,  minimum,  and  average  of  each  column. 
Taken  as  a  whole  the  figures  are  fairly  satisfactory  and  show  a  rea- 
sonable conformity  of  the  actual  product  to  theoretical  requirements, 
although  there  seems  to  be  considerable  room  for  improvement,  which 
no  doubt  can  be  achieved  in  time. 

Percentages  based  on  theoretical  composition. 
NAPHTHOL  YELLOW  8. 


Number 
of 

Sulphur. 

Sodium. 

f-(..«7»). 

Number 

of 
batches. 

Sulphur. 

Sodium. 

-g-(1.4379). 

batches. 

Value. 

Percent 

Value. 

Percent. 

1 

Percent. 
103.120 
96.312 
97.205 
97.542 

Percent. 
103.10 

99.068 
100.000 

99.534 

1.4377 
1.4791 
1.4792 
L4707 

99.983 
102.860 
102.870 
102.270 

10 

11 

12 

13 

Average. . 

Min 

Percent. 
98.880 
98.658 
100.330 
100.100 

Percent. 
101.06 
101.22 
100.15 
100.00 

1.4676 
1.4631 
1.4353 
1.4363 

101.36 

2 

101.74 

3 

99.826 

4 

99.890 

5 

6 

99.101 
103.120 
96.312 

10^.212 
103.500 
99.068 

1.4578 
L4792 
1.4353 

101.  S7E 

7 

98.992 
99.331 
100.440 

102.87 

8 

100.16 
103.50 

1.4498 
L4e92 

100.80 
102.18 

99.826 

9 

PONCEAU  3R. 


Number 
of 

Sulphur. 

Sodium. 

^*- (0.71905). 

1 

1  Number 
1        of 
'  batches. 

i 

Sulphur. 

Sodium. 

g-- (0.71905). 

batches. 

Value. 

Percent. 

Value.   .  Percent. 

1 

2 

Percent. 
97.454 

Percent. 
93.617 
9S.927 
07.749 
98.174 
07.095 
09.783 
99.783 

0.69138 

96.173 

8 

9 

Average. 
Max.?.. 
Min 

Percent. 
98.603 
99.308 

Percent. 
101.920 
101.700 

0.74296 
.73679 

103.33 
102.48 

3 

4 

5 

6 

7 

100.400 
100.140 
98.468 
99.841 
98.693 

.60992 
.70518 
.70936 
.71892 
.72730 

97.351 
98.080 
98.662 
99.918 
101. 16 

99.266 
100.46 
97.454 

98.738 
101.920 
93.617 

.71648 
.74290 
.69138 

99.144 
103.33 
96.173 
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Percentages  based  on  theoretical  composition — Continued. 
ORANGE  I. 


Number 
of 

Sfdphor. 

Sodinm. 

^-(0.n906). 

Number 

of 
batches. 

Sulphur. 

Sodium. 

Na 
-g--(0.71906). 

batches. 

Value. 

Per  cent. 

Value. 

Percent. 

1 

2 

3 

4 

88.972 
100.76 
101.09 
99.135 
99.135 
97.816 
96.799 

100.44 
103.72 
102.53 

a  81226 
.73889 
.73002 

112.97 
102.77 
101.53 

8 

9 

10 

Average. 
Max.?... 
Min 

98.471 
99.663 
99.342 

85.901 
99.241 
98.830 

a70066 
.71710 
.n208 

97.454 
99.740 
99.042 

5        .     . 

98.308 
101.09 
88.972 

99.876 
103.72 
95.901 

.72967 
.81226 
.60309 

101. 475 

6 

7 

94.234 
100.610 

.60309 
.73243 

96.391 
101.90 

112.97 
97.454 

AMARANTH. 


1 

96.795 

105.76 

0.78519 

109.21 

14 

97.800 

96.863 

a  72640 

101.03 

2 

98.176 

99.037 

.72488 

100.82 

15 

97.409 

99.911 

.73646 

102.43 

3 

94.975 

124.29 

.94048 

130.80 

16 

97.614 

98.960 

.72843 

101.32 

4 

94.975 

124.04 

.93849 

130.53 

17 

97.499 

99.476 

.73325 

101.98 

5 

100.750 

96.240 

.68637 

95.470 

18 

97.863 

98.689 

.72465 

100.78 

6 

99.246 

99.911 

.72341 

100.62 

19 

98.052 

98.393 

.72106 

100.05 

7 

97.174 

100.260 

.72454 

100.78 

20 

97.800 

98.514 

.72383 

100.68 

8 

96.929 

99.827 

.74011 

102.94 

21 

97.735 

97.725 

.71852 

99.914 

9 

10 

97.926 
96.975 

97.465 
97.990 

.71520 
.72744 

99.476 
101.18 

Average. 

97.467 

101.347 

.74707 

103.90 

11 

96.733 

97.389 

.72338 

100.62 

Max.T... 

100.750 

124.29 

.94048 

130.80 

12 

97.487 

98.514 

.72615 

100.99 

Min 

94.975 

96.240 

.68637 

95.470 

13 

96.798 

97.028 

.72030 

100.18 

LIGHT  GREEN  8F  YELLOWISH. 


1    . 

102.85 

1 

6 

Average. 
Max.  ... 
Min 

104.60 

95.647 

0.65783 

91.495 

2 

96.148 
93.018 
96.629 
96.148 

3 

4 

5 

109.87 
106.23 
102.35 

0.60911 
.65358 
.67266 

84.722 
90.911 
93.540 

106.26 
109.87 
102.85 

95.498 
96.629 
93.018 

.64827 
?67256 
.60911 

90.167 
93.540 
84.722 

ERYTHR08IN. 


Number 
of 

lodin. 

Sodium. 

]^- (0.090866). 

Number 

of 
batches. 

lodln. 

Sodium. 

Yf-(0.090855). 

batches. 

Value. 

Percent. 

Value. 

Per  cent. 

1 

2 

3 

4 

5 

Per  cent. 
96.915 
97.061 
99.593 
97.780 
97.209 
96.983 
97.035 

Percent. 
73.473 
100.94 
98.277 
97.621 

0.068873 
.094497 
.089C39 
.090604 

75.805 
104.00 
08.GG3 
99.724 

8 

9 

Average. 
Max.T. 
Min 

Percent. 
96.879 
97.886 

Percent. 
102.09 
103.43 

.006741 
.095995 

105.37 
105.65 

97.952 
99.593 
96.879 

96.777 
103.43 
73.473 

.090204 
.096995 
.068873 

99.146 
105.65 

6 

:::::::::::::::::::: 

75.805 

7 

101.71 

.096229 

104.81 
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Percentages  based  on  theoretical  composition — Continued. 

INDIGO  DISULPHO  ACID. 


Number 
of 

Solikhur. 

Sodioin. 

^*-(0.7l906). 

Number 

of 
batches. 

Sulphur. 

Sodium. 

^*-(0.71905). 

batdiw. 

Value. 

Percent. 

Value. 

Percent. 

Pet  ant. 
97.670 
96.636 
97.600 
96.148 
97.383 

Percent. 
103.330 

98.379 
103.760 

91.936 
106.560 

a  71483 
.69430 
.71833 
.64698 
.73934 

99.433 
96.669 
99.910 
89.848 
103.830 

6 

Average. 
Max.?.. 
Min 

P€reent. 

97.818 

Percent. 
109.040 

.75315 

104.750 

97.042 
97.818 
96.636 

103.149 
109.040 
91.936 

.71099 
.75815 
.64696 

98.738 
104.750 
89.848 

ABSSNIC  DETBBMINATIONS  ON  86  BATCHES. 

During  the  course  of  this  work  it  became  necessary  to  determine 
the  exact  amount  of  arsenic  contained  in  86  of  the  various  batches 
of  certified  colors;  for  this  purpose  the  arsenic  method  of  Seeker  and 
Smith  (see  p.  212)  was  devised.  These  results  are  expressed  in  the 
number  of  parts  of  color  containing  one  part  of  metallic  arsenic  (As). 
The  numbers  in  parentheses  indicate  the  number  of  specimens  of  the 
quality  indicated. 

Napkthol  Yellow  S  (17  Bpecimeiw).— 770,000,  833,000,  1,260,000  (2),  1,428,000  (2), 
1,666,000  (3),  2,000,000  (6),  3,333,000  (2). 

Ponceau  (15  Bpecimens).~588,000,  625,000,  667,000,  714,000  (2),  769,000  (2), 
1,000,000  (2),  1,111,000,  1,250,000,  1,666,000  (2),  2,000,000,  2,500,000. 

Orange  (7  epecimens).— 200,000,  250,000,  588,000,  1,000,000,  1,111,000,  1,429,000, 
5,000,000. 

Amaranth  (27  specimens).— 909,000, 1,000,000, 1,111,000, 1,250,000  (2),  1,438,000  (3), 
2,000,000(4),  2,500,000  (4),  3,333,000  (9),  5,000,000  (2). 

Green  (8  specim^is).— 166,000, 200,000, 370,000  (2),  500,000, 666,000, 770,000, 833,000. 

Erythrosin  (7  epecimenB).— 2,000,000  {2\  5,000,000  (2),  10,000,000  (2),  20,000,000  (1). 

Blue  (5  specimens).— 285,000,  666,000,  1,428,000,  3,333,000  (2). 

The  United  States  Pharmacopoeia  test  for  arsenic  is  sensitive  to 
0.005  mg  of  arsenious  oxid  (As^O,)  which  on  a  sample  containing  2 
grams  of  actual  or  real  color  would  amount  to  one  part  of  arsenious 
oxid  in  400,000  of  color;  calculated  to  metallic  arsenic,  the  basis 
employed  in  the  foregoing,  this  would  mean  528,000  parts  of  color  for 
each  one  part  of  metallic  arsenic. 

There  are,  therefore,  in  the  foregoing  86  lots  of  certified  colors 
8  which  did  not  comply  with  that  requirement,  namely: 

Orange  (2  specimens).— 200,000  and  250,000. 

Green  (5  specimens).— 166,000;  200,000;  370,000  (2);  600,000. 

Blue  (1  specimen). — 285,000. 

The  reason  for  this  discrepancy  is  that  in  the  preparation  of  the 
samples  for  analysis  by  the  United  States  Pharmacopoeia  test  a  loss 
of  arsenic  ensued,  which  is  avoided  in  the  Seeker-Smith  method 
now  employed  in  making  these  determinations.    Had  the  existence 
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of  this  discrepancy  been  proven  at  the  time  the  first  analysis  was 
made  certification  would  have  been  denied  to  the  eight  lots  above 
mentioned. 

These  results  further  show  the  position  taken  early  in  the  work 
by  several  of  the  manufacturers — that  a  requirement  of  not  more 
than  1  part  of  metallic  arsenic  in  not  less  than  264,000  parts  of 
coal-tar  color  could  not  be  complied  with  on  a  commercial  scale — 
to  be  untenable;  on  this  basis  only  4  out  of  the  86  lots  examined 
would  have  been  excluded.  Furthier,  the  position  of  some  manu- 
facturers and  dealers  that  the  arsenic  requirement  ought,  for  prac- 
tical manufacturing  reasons,  not  to  be  more  rigorous  than  one  part 
of  metallic  arsenic  in  26,400  parts  of  color,  or  1  part  of  arsenious 
oxid  (AsjOj)  per  20,000  parts  of  color,  is  not  borne  out  by  the  data. 

STTGGESTED  BEQTTniEMENTS  FOB  CEBTIFIED  COLORS. 

Although  the  material  embodied  in  this  report  gives  a  very  good 
idea  of  the  composition  and  quality  of  substantially  30  different 
lots  of  permitted  colors  prior  to  the  issuance  of  Food  Inspection 
Decisions  Nos.  76  and  77,  and  of  74  lots  of  certified  colors,  yet  these 
data  are  hardly  sufficient  to  fiurdsh  a  basis  for  standards  with  which 
each  color  specimen  must  comply  in  detail.  The  fitness  or  unsuit- 
ability  of  any  lot  has  been  determined  by  the  examination  of  the 
analytical  data  obtained  thereon  in  the  Food  and  Drug  Inspection 
Laboratory  at  New  York;  such  examination  has  been  applied  to 
the  particular  color  imder  investigation  with  respect  to  its  general 
relationship  to  the  results  theretofore  achieved.  If  in  some  minor 
quality,  as,  for  example,  freedom  from  salt,  the  sample  was  not  up  to 
what  had  been  previously  accomplished,  but  in  a  major  quality,  as 
for  example,  ether  extractive,  it  was  equal  to  or  better  than  what 
had  been  previously  accomplished,  and  the  pharmacopceial  tests  for 
arsenic  and  heavy  metals  were  satisfied  with  the  exception  of  iron, 
and  the  amoimt  of  iron  was  within  the  limit  previously  stated, 
0.005  per  cent,  and  the  other  factors  showed  a  fairly  close  conformity, 
such  a  defect  as  its  salt  content  would  not  act  as  a  bar  to  the  pass- 
ing of  the  lot;  however,  no  matter  how  good  a  color  might  be  in 
respect  to  such  determinations  as  ether  extractive,  if  it  failed  to 
comply  with  the  United  States  PharmacopcBia  requirement  for 
arsenic  or  for  heavy  metals  it  was  not  accepted. 

These  arsenic  results  have  been  tabulated  to  show  the  distribution 
of  arsenic  content  (AsjO,);  the  numbers  at  the  top  are  the  Green 
Table  numbers;  the  numbers  in  the  body  of  the  table  indicate  the 
number  of  specimens  of  the  arsenic  content  stated  in  the  first  column; 
the  last  column  shows  the  totals  of  all  colors  of  the  arsenic  content 
(AsjOg)  corresponding  thereto. 
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Arsenic  content  of  86  lots  of  certified  colors. 


Aroenio 
content. 

Green  Table  numbers. 

Total. 

4 

56 

85 

107 

435 

517 

692 

Ipartln- 
1^,200 
1151,000 
1151,500 
1189,300 
1215,900 
1280,300 
1378,700 
445,400 
473,500 

11 

1 

1 
1 
1 
1 
2 
1 
2 
1 
2 
1 
2 
2 
2 
2 

13 
13 

11 
11 

11 

12 
11 

1 

1 

1 

1 

1 

...... 

1 

1 
2 
2 

1 
1 

1 

1 
1 
2 

"2" 
2 

2 
1 

1 

1 
1 

1 

1 

3 

3 
6 

"2" 

2 

1 
1 

4 
4 

I 

2 

2 

1 

2 
2 
1 

17 

15 

7 

27 

8 

7 

5 

86 

1  The  certiflcatlon  of  these  lots  was  due  to  an  unknown  source  of  error  in  the  analytical  mdthod;  the 
analyses  made  at  that  Ume  (July,  1909),  showed  less  than  1  part  of  AssOt  per  400,000;  see  also  page  204. 

It  is  therefore  somewhat  premature  to  attempt  to  define  rigidly 
the  requirements  for  composition  and  purity  for  colors  imtil  a  suJE- 
cient  number  of  analyses  is  available  to  permit  a  hard-and-fast  line 
to  be  drawn  for  each  item  as  required  for  each  color.  Until  that 
time  the  decision  as  to  whether  or  not  a  certain  color  shall  be  cer- 
tified must  rest  with  the  Department  of  Agriculture.  However, 
the  following  requirements  are  tentatively  suggested  as  being  com- 
mercially practicable.  It  should  be  dearly  understood  that  the  ten- 
tative requirements  here  stated  are  based  on  the  results  of  actual 
control,  and  are  not  any  more  searching  or  numerous  than  are  the 
requirements  for  many  if  not  most  of  the  coal-tar  dyes  or  their  com- 
ponent parts  in  the  industrial  arts,  particularly  for  the  various  kinds 
of  paint,  varnish,  and  ink  making.  While  it  may  be  that  some  of  the 
tentative  requirements  herein  defined  necessitate  the  expenditure  of 
considerable  work  and  time,  yet  that  is  also  true  of  some  of  the 
commercial  requirements.  Since  manufacturers  of  cheap  paints, 
varnishes,  inks,  and  the  like,  find  it  wise  and  necessary  carefully  to 
control  the  quality  of  the  coal-tar  dyes  or  their  component  parts 
which  they  use,  it  can  not  be  less  wise  or  necessary  to  extend  the 
same  kind  of  quality  control  to  those  coal-tar  dyes  intended  and  sold 
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for  human  consumption  as  food.  This  stand  is  fully  justified  by  the 
quality  of  the  coal-tar  dyes  offered  as  food  colors  on  the  United  States 
markets  as  described  in  the  foregoing  pages.  That  such  control  is 
not  only  practical,  but  practicable,  is  fully  proved  by  the  fact  that 
more  than  20.5  tons  (41,000  pounds)  of  coal-tar  food  dyes  have  been 
so  controlled,  examined,  and  certified  under  the  food  inspection  deci- 
sions hereinbefore  mentioned. 

The  figiures  are  expressed  in  parts  per  himdred  of  actual  color 
contained  in  the  dye  and  not  in  parts  per  hundred  of  the  total 
substance.  The  numbers  at  the  head  of  the  colunms  are  the  num- 
bers in  the  Green  Tables. 

Tentative  limits  of  composition  suggested  for  'permitted  colors, 
(Parts  per  hundred  of  actual  color.) 


Determinations. 

Green  Tables  numbers. 

4 

66 

85 

107 

435 

617 

«e 

Insohibkr. 

Total 

0.070 
.040 

.017 
.004 
.060 
.600 

0.270 
.160 

.000 

.015 

.017 

6.000 

0.250 
.060 

.150 

.035 

.060 

2.000 

0.130 
.060 

.030 

.006 

.010 

2.500 

0.030 
.010 

.040 
.006 
.008 
.600 

0.060 
.020 

.035 
.002 

"*.*466* 

0.460 

NonTolatUe  on  ignition 

.250 

Ether  extractives: 

Neatial 

.100 

AfinllT^'' 

.030 

Add 

.150 

Common  salt • 

3.000 

In  addition  to  these  there  are  the  following  requirements  applicable 
to  all  colors: 

1.  The  absence  of  admixed  dye  must  be  convincingly  demonstrated  by  suitable 
test. 

2.  Arsmtc.— Test  17  of  the  United  States  Pharmacopoeia,  1900,  applied  to  so  much 
of  the  specimen  as  represents  3.5  grams  of  actual  dye  must  give  a  negative  response. 
Such  negative  result  must  be  reenforced  by  a  check  test  identical  with  the  test  on  the 
dye  with  the  addition  of  0.005  mg  of  arsenic  (AsjO,)  to  the  dye  prior  to  treatment, 
and  this  check  test  must  produce  a  positive  result  for  the  presence  of  arsenic.  Igni- 
tions in  the  preparation  of  the  material  for  the  test  must  be  made  in  porcelain. 

Any  other  mode  of  testing  which  is  demonstrated  to  be  capable  of  detecting  0.005 
mg  added  arsenic  (AsjOs)  in  so  much  of  the  specimen  as  represents  3.5  grams  of  actual 
colcM*  will,  of  course,  be  accepted.  This  quantity,  however,  is  only  tolerated  tenta- 
tively pending  furtlier  investigations  relative  to  the  complete,  or  practically  com- 
plete, elimination  of  arsenic  from  foods,  especially  those  which  are  largely  used  by 
children,  such  as  candies. 

3.  Heavy  m^tals,--TeBt  121  of  the  United  States  Pharmacopoeia  as  revised  May  1, 
1907,  using  so  much  of  the  specimen  as  represents  one  part  of  actual  dye  must  give  a 
negative  response  for  all  metals  except  iron,  which  may  be  present  in  amounts  not  in 
excess  of  0.005  per  cent  of  iron  based  on  the  dye  actually  present  in  the  specimen. 

4.  None  of  the  dyes  offered  for  certification  shall  contain  any  Glauber's  salt  or 
sodium  sulphate  in  any  form,  nor  shall  they  contain  any  added  sugar,  dextrin,  or 
other  loader,  filler,  or  reducer  for  any  purpose  whatsoever,  and  convincing  proof  of  the 
absence  of  any  or  all  of  them  must  be  submitted. 
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5.  The  ether  extractives  are  to  be  made  successively  upon  water  solutions  of  the 
dye,  first  neutral,  then  made  alkaline  with  caustic  soda,  and  then  made  acid  with 
hydrochloric  acid,  using  washed  or  sodium,  dried  ether. 

6.  The  sulphur  content  of  the  sulphur-containing  dyes  must  agree  substantially 
with  the  theoretical;  likewise  the  sulphated  ash  figures  of  all  must  agree  substantially 
with  the  theoretical;  variations  between  these  two  sets  of  figures,  as  long  as  they  are 
consistent  with  each  other,  will  not  be  reason  for  rejection. 

7.  In  the  case  of  No.  4  proof  must  be  submitted  showing  that  the  specimen  is  of  the 
sodium  or  potassium  variety,  and  if  it  is  a  mixture  of  these  two  varieties  the  proportion 
of  each  present  in  the  mixture  must  be  stated. 

8.  In  the  case  of  No.  56  the  crude  cimiidin  employed  may  have  a  boiling  point  of 
from  220**  to  230**  C,  and  may  be  liquid  or  solid;  the  absence  of  any  compound  of 
S  or  G  salt  must  be  convincingly  shown. 

9.  In  the  case  of  No.  86  convincing  proof  must  be  submitted  that  beta-naphthol 
orange  if  present  at  all  is  present  in  an  amoimt  not  in  excess  of  5  per  cent  of  the  coal- 
tar  dye  present. 

10.  In  the  case  of  No.  107  the  absence  of  any  compound  of  S  or  G  salt  must  be 
convincingly  shown. 

11.  In  the  case  of  No.  435  the  product  should  be  free  from  calcium;  convincing  proof 
of  absence  of  No.  434  must  be  submitted. 

12.  In  the  case  of  No.  517  the  actual  dye  m'ust  contain  not  less  than  56  per  cent  of 
iodin  (sodium  basis)  and  must  not  contain  any  other  halogen;  the  kind  and  amount 
of  metallic  base,  whether  soditun,  potassium,  or  the  like,  must  be  shown. 

13.  In  the  case  of  No.  692  the  absence  of  indigo  monosulphonic  acid  and  of  nonsul- 
phonated  indigo  must  be  convincingly  shown. 

14.  Each  foundation  certificate  must  be  filed  in  duplicate,  but  need  not  be  executed 
in  duplicate  and  must  contain  a  summarized  or  tabulated  statement  of  all  the  quan- 
titive  results  contained  in  the  certificate,  also  a  tabulation  or  summary  of  the  quali- 
tative tests  made,  together  with  the  results  of  such  tests,  all  stated  on  one  sheet,  so 
that  the  certificate  will  bear  within  itself  its  own  summary  and  conclusions. 

15.  The  fundamental  analytical  data  must  be  given  with  such  fullness  as  to  permit 
efficient  checking  of  the  calculations,  and  the  arithmetical  operations  performed 
should  be  indicated  wherever  needful  to  avoid  confusion,  or  to  facilitate  the  work  of 
the  checking  chemist,  or  make  the  meaning  of  the  certificate  more  plain. 

There  are  freely  quoted  in  the  United  States  market  two  substances, 
paranitranilin  and  betanaphthol,  which  are  subject  to  much  com- 
petition, the  prices  for  which,  wholesale,  are  not  far  from  25  cents 
and  9  cents,  respectively.  A  specimen  of  each  has  been  examined, 
and,  as  before  stated,  they  have  both  been  found  to  be  of  such 
purity,  with  respect  to  arsenic,  heavy  metals,  and  general  cleanliness, 
that  had  they  been  capable  of  use  in  food  products,  no  objection 
agalost  their  use  on  this  score  could  reasonably  be  raised;  certainly 
no  such  objection  could  be  successfully  maintained. 

The  following  table  discloses  the  chemicals  entering  into  the  manu- 
facture of  paranitranilin  and  of  betanaphthol,  as  well  as  of  each 
of  the  seven  permitted  colors;  the  ingredients  numbered  1  to  7  are 
used  in  the  manufacture  of  these  two  substances,  as  well  as  in  the 
seven  permitted  colors,  as  indicated  by  the  "x"  entries;  ingredients 
8  to  20  are  used  only  in  tlie  manufacture  of  the  seven  permitted 
colors,  and  not  in  paranitranilin  and  betanaphthol. 
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Camparinn  of  ihemikdU  enUring  into  the  eompontum  of  the  seven  permiUed  colors  and 
of  paranitramlin  and  oetanaphthol. 


DetenninaUoiis. 

4. 

Nap- 

thol 

YeUow 

S. 

56. 

Pon- 
ceau 
3R. 

85. 
Oruige 

107. 
ranth. 

435. 

Light 
Green. 

517. 

Ery- 
thro- 
sin. 

ei». 

Indigo 

pho 
arid. 

Paranl- 
trani- 
line. 

Beta- 
nApib- 
thoL 

X 

I 

X 
X 
X 
X 
X 

X 
X 
X 
X 
X 
X 
X 

X 

X 

X 
X 
X 
X 

X 
X 

X 
X 
X 

X 
X 
X 

X 
X 
X 

z 

2.  Benxol 

3.  Snlpliaric  acid 

X 
X 

X 

4^  NitnoaOrid. 

6.  Metallic  iron 

«L  Aoetlcacld 

X 

X 
X 

7.  Oaiuticsodaor  potash... 

X 

X 

ft    GMrlxiinAte  of  amIa 

X 
X 

X 

X 
X 
X 
X 
X 

X 

X 

X 
X 

X 

X 
X 

X 
X 

9m  OtnnnHrnmlt 

IOl  Wood  or  mathvl  alcohol. 

11.  JAym , ,   

X 
X 

X 
X 
X 

X 

X 

12.  H-vdiochloric  acid 

1A    flnHlnm  nitrite 

14.  Kthvl  nhknid  .... 

X 

X 
X 

U.  FMxudd  of  lead  or  of 

I*.  PhmefwJr. 

17.  lodiinl 

X 
X 
X 

X 

iff.  FWriochlorld..'. 

aOL  Cbkrtn 

X 

6 

13 

11 

11 

10 

9 

.10 

5 

3 

With  respect  to  the  arsenic  content  of  the  finished  product,  it  can 
be  asserted,  without  any  fear  whatever  of  successful  contradiction, 
that  the  arsenic  finds  its  way  into  the  goods  by  way  of  the  sulphuric 
acid  which  is  used  in  the  manufacture  of  all  the  permitted  colors,  as 
weU  as  in  the  manufacture  of  Paranitranilin  and  Betanaphthol.  If 
arsenic  from  this  source  can  be  kept  out  of  these  substances  it  can 
also  be  excluded  from  the  permitted  colors. 

Turning  now  to  those  ingredients  below  the  parallel  lines,  the  only 
means  of  introducing  arsenic  would  be  through  the  hydrochloric  acid 
used,  which  in  turn  derives  its  arsenic  from  the  sulphuric  acid  used 
in  its  manufacture,  and  since  arsenic  free-sulphuric  acid  can  be  used 
in  the  first  stages  of  producing  the  seven  permitted  colors  and  the 
paranitranilin  and  betanaphthol,  it  can  also  be  employed  in  the  manu- 
facture of  the  hydrochloric  acid  used  in  the  subsequent  stages  of 
manufacture  of  the  seven  permitted  colors.  Therefore,  it  seems 
onreasonable  to  permit  a  higher  arsenic  content  in  food  colors  than 
in  paranitranilin  and  betanaphthol,  which  are  sold  in  open  com* 
petition,  and  which  are  used  for  the  production  of  the  very  cheapest 
colored  cloths,  inks,  and  paints. 

With  reference  to  the  content  of  iron,  and  other  heavy  metals, 
which  satisfied  the  pharmacopoeial  tests  in  the  case  of  paranitranilin 
and  betanaphthol,  these  materials  probably  enter  the  product  from 
the  vessels  in  which  the  manufacturing  operations  are  performed. 
The  same  kind  of  vessel  used  in  the  manufacture  of  paranitranilin 
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and  betanaphihol  is  used  in  making  the  seven  permitted  colors,  and 
since  the  heavy  metals  can  be  and  are  kept  out  of  these  two  substances 
to  the  extent  required  by  the  Pharmacopoeia,  there  seems  to  be  no 
good  reason  why  they  should  not  be  kept  out  of  the  seven  permitted 
colors  when  made  for  use  in  food  products. 

Since  all  these  defects  in  the  seven  permitted  colors  can  be  obviated 
in  their  first  stage  of  manufacture  (as  is  shown  in  the  case  of  para- 
nitranilin  and  betanaphthol,  and  in  some  actual  commercial  samples 
of  1907,  see  sections  XIV  and  XV),  they  are  commercially  avoidable 
at  subsequent  stages  of  manufacture,  and  there  is  no  good  reason  why 
they  should  be  then  introduced. 

ZVn.  XETHODS  OF  AITALTSIS  TTSED  HT  TESTHTG  COIOBS  FOB 

CEETIFIGATIOV. 

INTaODTTCTION. 

The  exact  analytical  methods  developed  and  tested  in  the  New 
York  Food  and  Drug  Inspection  Laboratory  and  used  in  obtaining 
the  analytical  data  contained  in  the  preceding  chapter  are  described 
in  the  followii^  pages.  These  descriptions  were  written  by  A.  F. 
Seeker,  of  that  laboratory,  under  whose  immediate  supervision  all  the 
laboratory  work  was  done,  and  they  represent  a  great  deal  of  work, 
extending  over  more  than  three  years.  The  methods  are  submitted 
in  the  hope  and  expectation  that  in  their  wider  application  by  a  larger 
niunber  of  chemists  any  defects  in  the  methods  or  conclusions  drawn 
from  the  results  will  be  detected  and  rectified.  Experience  in  the 
New  York  laboratory  has  shown  that  even  different  chemists  of 
varying  degrees  of  experience  in  this  particular  line  of  work  obtain 
concordant  duplicates  after  a  comparatively  short  laboratory 
acquaintance  with  these  methods. 

The  identity  of  these  colors  and  their  freedom  from  foreign  dyes  is 
shown  by  the  close  agreement  of  their  elements,  as  determined  by 
analysis,  with  their  theoretical  composition;  their  behavoir  toward 
reagents  as  given  by  standard  works  on  dyes;  their  distribution 
between  the  layers  when  neutral,  alkaline,  and  acid  aqueous  solutions 
are  shaken  with  various  immiscible  solvents;  uniformity  of  shade  in 
the  spots  produced  by  particles  of  the  dry  color  blown  over  the  surface 
of  wet  filter  paper,  or  water,  and  over  concentrated  sulphuric  acid; 
uniformity  of  shade  produced  by  a  0.5  per  cent  dyeing  on  wool  under 
standard  conditions,  with  similar  dyeings  from  fractions  produced  by 
partial  precipitation,  by  partial  salting  out,  by  fractional  crystalliza- 
tion, and  by  extraction  with  alcohol  or  some  liquid  in  which  the  pure 
color  is  not  very  soluble;  and  the  behavior  of  the  dye  in  acid  and 
alkaline  solution  toward  cotton.  Which  of  these  tests  are  needed  to 
prove  conolusively  the  identity  of  certain  dyes  or  to  establish  their 
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absence,  is  a  matter  that  varies  so  much  from  case  to  case  that  it  must 
be  left  largely  to  the  individual  judgment  to  decide  on  the  best  com- 
bination of  tests,  and  for  that  reason  such  combinations  are  not  here 
offered.  The  general  methods  and  procedures  just  outlined  have, 
however,  when  properly  combined,  led  to  satisfactory  results. 

In  order  to  compare  the  results  of  the  color  analyses  on  the  same 
basis,  the  actual  figures  obtained  in  the  various  determinations 
besides  being  reported  as  foimd,  are  also  recalculated  on  a  basis  of 
100  parts  of  actual  color,  i.  e.,  the  sum  of  the  percentages  of  material 
which  is  not  coloring  matter,  such  as  moisture,  total  insoluble  matter, 
sodium  chlorid,  sodium  sulphate,  and  ether  extractives  is  deducted 
from  100  and  the  percentages  of  the  various  constituents  found 
divided  by  the  difference,  the  quotient  being  then  multiplied  by  100. 
The  percentage  of  sodium  in  actual  dye  is  calculated  from  the  sul- 
phated  ash.  The  methods  of  analysis  of  the  seven  permitted  colors 
of  Food  Inspection  Decision  No.  76  are  given  in  the  following  order: 


1.  Naphthol  Yellow  S. 

2.  Ponceau  3R. 

3.  Oiangel. 

4.  Amaranth. 


5.  Light  Green  S  F  Yellowish. 

6.  Erythroain. 

7.  Indigo  DiBulphoadd. 


NAPHTHOL  YELLOW  8. 
MOISTX7BE. 


Dry  from  1  to  2  grams  of  the  finely  powdered  dye  in  an  air  oven  at 
120*"  to  126*"  C.  to  constant  weight. 

TOTAL  INSOLUBLE  MATTER. 

Dissolve  5  grams  of  color  in  200  cc  of  hot  distilled  water,  filter 
through  a  tared  gooch,  wash  till  the  washings  run  through  colorlesSi 
dry  the  insoluble  residue  at  105^  C,  and  weigh. 

NONVOLATILE  OB  INOBGANIO  INSOLUBLE  liATTEB. 

Ignite  the  gooch  containing  the  insoluble  matter  of  the  last  deter- 
mination at  a  low  red  heat,  cool,  and  weigh. 

SODIUM   CHLOBID. 

Dissolve  3  to  5  grams  of  dye  in  200  cc  of  water,  acidify  the  solution 
with  nitric  add,  and  precipitate  the  chlorin  as  silver  chlorid.  The 
latter  is  separated,  washed,  ignited,  and  weighed  in  a  tared  gooch 
crucible  in.  the  usual  way. 

SODIUM  SULPHATE. 

Dissolve  1  gram  of  dye  in  about  100  cc  of  water  in  a  200-cc  gradu- 
ated flask,  add  40  cc  of  a  20  per  cent  solution  of  potassium  chlorid, 
shake  the  mixture  weU,  make  up  to  mark  with  water,  shake  again, 
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and  then  filter  through  dry  paper.  Treat  100  cc  of  the  filtrate  (repre- 
senting 0.5  gram  of  dye)  with  5  cc  of  10  per  cent  barium  chlorid  solu- 
tion without  acidif3dng,  and  allow  to  stand  overnight.  If  a  precipi- 
tate forms,  it  is  filtered,  washed,  ignited,  and  weighed  in  the  usual 
way. 

HEAVY   METALS. 

Treat  the  sulphated  ash  from  1  gram  of  the  sample  with  20  cc  of 
water,  digest  with  10  cc  of  10  per  cent  hydrochloric  acid  till  solution 
is  complete,  place  3  cc  of  the  mixture  in  a  test  tube,  add  10  cc  of  freshly 
prepared  hydrogen  sulphid  test  solution  (U.  S.  P.),  shake  the  mixtTure, 
warm  to  50^  C,  stopper,  and  allow  to  stand  in  a  warm  place  (at  about 
35^  C.)  for  half  an  hour.  Run  a  blank  test  at  the  same  time,  with 
the  same  amount  of  hydrogen  sulphid  solution,  using  water  instead 
of  the  solution  containing  the  color  ash.  No  turbidity  other  than 
that  sometimes  produced  by  slight  separation  of  sulphur  should 
appear  in  this  test.  Both  tubes  are  then  made  slightly  alkaline 
with  ammonium  hydroxid,  and  no  precipitate  should  be  produced, 
although  a  slight  coloration,  due  to  the  presence  of  a  small  amount 
of  iron,  sometimes  occurs.  If  this  coloration  is  very  marked  the 
amount  of  iron  should  be  determined.  This  is  done  by  digesting  the 
sulphated  ash  from  a  weighed  amount  of  the  sample  with  hydrochloric 
acid  until  all  of  the  iron  has  gone  into  solution.  The  solution  is 
filtered,  and  the  filtrate  poured  into  an  excess  of  hot,  pure,  freshly 
prepared  sodium  hydroxid  (by  sodium)  solution  in  a  platinimi  dish* 
The  precipitate  is  washed,  dissolved  in  dilute  hydrochloric  acid,  and 
again  precipitated  with  ammonium  hydroxid.  The  last  precipitate 
is  washed,  ignited,  and  weighed  in  the  usual  manner. 

ARSENIC    (seeker   AND  SMITH's   METHOD). 

Dissolve  10  grams  of  the  dye  in  200  cc  of  water,  heating  to  insure 
complete  solution  of  the  color,  add  about  10  cc  of  strong  bromin  water 
to  convert  any  arsenite  to  arsenate.  Make  the  mixture  alkaline 
with  a  few  cubic  centimeters  of  strong  ammonium  hydroxid. 
Twenty  cubic  centimeters  of  a  sodium  phosphate  solution  containing 
100  grams  of  crystallized  sodium  phosphate  per  liter  are  next  added 
from  a  pipette,  after  which  magnesia  mixture  (containing  55  grams 
of  hydntted  magnesium  chlorid,  55  grams  of  ammonium  chlorid, 
and  88  cc  of  ammonium  hydroxid,  specific  gravity  0.9  per  liter)  is 
added  from  a  burette,  stirring  vigorously.  The  amount  of  mag- 
nesia added  should  be  in  slight  excess  of  that  necessary  completely  to 
precipitate  the  phosphate  and  shotdd  previously  be  ascertained  by 
blank  experiment.  Then  add  10  cc  of  ammonium  hydroxid  (specific 
gravity  0.90),  and  allow  the  whole  to  stand  for  at  least  three  hours; 
separate  the  precipitate  by  filtration  and  wash  it  free,  or  nearly  so,  of 
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dye  with  ammonium  hydroxid  containing  one-tenth  its  volume  of 
anmionia  (specific  gravity  0.90).  Dissolve  the  precipitate  from  the 
paper  with  1 : 1  nitric  add,  the  washings  being  collected  in  a  large 
porcelain  crucible;  add  5  cc  of  sulphuric  acid  to  the  contents  of  the 
crucible,  and  evaporate  the  whole  almost  to  dryness.  It  is  not  nec- 
essary that  the  solution  should  be  colorless  at  this  point,  a  brown 
colored  solution  giving  equally  accurate  results.  Add  20  cc  of  water 
to  the  residue  in  the  crucible  and  then  10  cc  of 
a  saturated  solution  of  sulphur  dioxid;  evapo- 
rate the  solution  to  a  sirupy  consistency  to 
r^nove  the  sulphur  dioxid,  and  then  take  up 
in  20  cc  of  water  and  place  in  a  30-cc  evolution 
bottle,  add  5  cc  of  concentrated  sulphuric  acid, 
and  determine  the  arsenic  in  the  form  of  appa- 
ratus (fig.  1)  used  by  Bishop  in  his  modification 
of  the  Gutzeit  test,  the  stains  obtained  being 
compared  with  those  given  by  known  amoxmts 
of  arsenic. 

The  apparatus  used  by  Bishop  consists  of 
the  following  parts:  A  30-cc  salt  mouth  evo- 
lution bottle  into  which  is  fitted  a  one-hole 
rubber  stopper  carrying  a  glass  tube  6.5  cm 
long  with  an  internal  diameter  of  1  cm,  this 
tube  in  turn  being  provided  with  a  one-hole 
rubber  stopper  fitted  with  another  tube  of  the 
same  diameter  and  5.5  cm  long,  the  diameters 
of  both  tubes  being  constricted  at  the  points  at 
which  they  are  inserted  in  the  rubber  stoppers. 
A  third  glass  tube  15  cm  long,  having  an  in- 
ternal diameter  of  2.5  mm,  is  fitted  into  the 
second  at  its  upper  end  by  means  of  a  rubber 
stopper.  The  first  tube  contains  a  strip  of  filter 
paper  which  has  been  saturated  with  a  5  per 
cent  solution  of  lead  acetate  and  dried.  The 
second  tube  contains  a  loosely  packed  plug  of 
cotton-wool  freshly  moistened  with  a  1  per  cent  fio.  i.-Apperatns  tor  tht 

Solu  tion  of  lead  acetate.      Into  the  topmost  tube       detennlnatUm  of  anenlo. 

is  inserted  the  strip  of  sensitized  paper  to  receive  the  arsenic  stain.  The 
arsin  is  generated  by  introducing  into  the  evolution  bottle  six  pieces  of 
Kahlbaimi's  stick  zinc  (arsenic-free  for  forensic  purposes)  weighing 
in  all  about  8  grams,  and  to  assist  in  an  active  and  constant  evolution 
of  gas  a  disk  of  platinum  is  also  placed  in  each  bottle  to  form  an  elec- 
trolytic couple.  The  evolution  of  gas  is  allowed  to  proceed  for  one 
hour.  The  stains  are  produced  on  strips  of  hard  pressed  white  paper 
(2  nmi  wide  and  120  mm  long)  that  has  been  sensitized  by  being 


Digitized  by 


Google 


214  COAI/-TAB  COLORS  USED  IN  POOD  PBODTJCTS. 

dipped  in  a  5  per  cent  alcoholic  solution  of  mercuric  chlorid  and  then 
dried.  (Note. — It  has  recently  been  found  that  mercuric  bromid  yields 
stains  that  are  more  evenly  distributed  and  also  produces  standards 
that  are  incomparably  more  permanent.)  For  purposes  of  com- 
parison it  is  better  not  to  develop  the  strips  stained  by  the  arsin, 
though  some  prefer  to  dip  the  stains  in  ammonium  hydroxid,  which 
causes  them  to  become  black.  A  blank  is  run  with  each  set  of 
determinations. 

ETHER  EXTRACTIVES. 

Dissolve  10  grams  of  color  in  150  cc  of  water  and  extract  in  a  separa- 
tory  funnel  with  ether  that  has  been  washed  with*  water  (using  three 
150  cc  portions  of  water  for  each  liter  of  ether).  Extract  the  color 
solution  with  two  100  cc  portions  of  this  ether,  shaking  thoroughly 
for  one  minute,  and  wash  the  combined  ether  extract  successively 
with  35y  20,  and  10  cc  of  water  made  alkaline  or  acid,  as  the  case 
requires,  with  1  cc  of  tenth  normal  alkali  or  acid  per  100  cc  of  water. 
Decant  the  ether  from  the  mouth  of  the  separatory  and  rinse  the  funnel 
once  with  5  cc  ether.  The  color  solution  is  first  extracted  neutral, 
the  extracted  solution  being  then  rendered  alkaline  with  2  cc  of  a  10 
per  cent  solution  of  caustic  soda  and  again  extracted  with  two  100-cc 
portions  of  ether.  In  acidifying  for  the  third  extraction,  add  twice 
the  amount  of  hydrochloric  acid  (1  to  3)  necessary  to  neutralize  the 
alkali,  and  repeat  the  extraction  with  two  100-cc  portions  of  ether. 
Place  the  neutral,  alkaline,  and  acid  extracts  in  adust-free  atmosphere^ 
and  allow  the  ether  to  evaporate  spontaneously,  after  which  dry  the 
residues  to  constant  weigh  over  sulphuric  acid,  using  flat-bottomed 
dishes  2|  inches  in  diameter,  1|  inches  in  height,  and  of  about  100  cc 
capacity.  The  dishes  should  be  thoroughly  cleaned,  wiped  dry,  and 
allowed  to  stand  in  a  sulphuric  acid  desiccator  at  least  two  hours 
before  weighing.  In  order  to  avoid  the  generation  of  static  charges 
of  electricity,  they  should  not  be  wiped  immediately  before  weighing. 
Run  two  blank  determinations  with  each  series  of  ether  extracts,  and 
deduct  the  average  gain  in  weight  of  these  two  blanks  from  the  weights 
obtained  in  the  other  determinations. 

SULPHATED  ASH. 

Weigh  accurately  0.5  to  1  gram  of  the  color  into  a  wide  platinum 
dish,  moisten  with  concentrated  sulphuric  acid,  and  ignite  cautiously, 
avoiding  spattering;  moisten  the  residue  repeatedly  with  sulphuric 
acid  and  ignite  until  all  the  carbon  is  removed  and  a  white  or  reddish 
ash  is  obtained.  This  is  finally  ignited  at  a  fairly  bright  red  heat, 
cooled,  and  weighed.  The  aqueous  solution  of  this  ash  should 
be  neutral  to  litmus,  and  may  be  used  in  a  quantitative  test  for 
potassium. 
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0ALGII7M. 

Digest  the  residue  from  the  sulphated  ash  determination  with 
hydrochloric  acid^  render  the  solution  alkaline  with  ammonium 
hydroxid,  filter,  and  precipitate  the  calcium  in  the  filtrate  with  ammo- 
nium oxalate.  The  precipitate  of  calcium  oxalate  is  filtered  on  a 
tared  gooch,  washed,  dried  at  100^  C.  and  weighed  as  calcium  oxalate, 
the  calcium  beipg  calculated  from  the  formula  CaCa04.H,0.  This 
method  is  applicable  only  in  cases  where  the  amount  of  calcium  is 
▼ery  small.  When  the  amount  exceeds  0.5  per  cent  it  should  be 
determined  by  digesting  the  sulphated  ash  with  ammonium  sulphate 
solution  made  acid  with  hydrochloric  acid,  and  precipitating  the  iron 
by  an  excess  of  ammonium  hydroxid.  The  precipitate  is  washed, 
dissolved  in  hydrochloric  acid,  and  reprecipitated,  the  filtrate  and 
washings  being  added  to  those  obtained  from  the  first  precipitate. 
The  calcium  is  precipitated  in  the  combined  filtrates  with  ammonium 
oxalate,  the  oxalate  being  filtered,  washed,  ignited,  and  weighed  in 
the  usual  way;  the  residue  is  weighed  as  oxid  after  ignition  to  bright 
redness. 

ST7LPHUB. 

Determine  upon  0.2  to  0.3  gram  portions  by  the  Carius  method 
(Oattermann,  Practical  Methods  of  Organic  Chemistry,  1901,  p.  81), 
using  3  cc  of  fuming  nitric  acid  (sp.  gr.  1.5),  and  heating  the  sealed 
tubes  to  300^  C.  for  at  least  eight  hours. 

lOTBOOEN. 

Use  the  method  of  Dumas  (Gattermann,  Practical  Methods  of 
Organic  Chemistry,  1901,  p.  85). 

POKCBAU  8B. 

MOISTURE. 

Dry  1  to  2  grams  of  the  finely  ground  dye  at  109*"  to  110*"  C,  in  a 
current  of  dry  hydrogen  to  constant  weight. 

TOTAL  INSOLUBLE  ICATTEB. 

Determine  as  under  Naphthol  YeUow  S,  page  211. 

NONVOLATILB  OB  INOBOANIO  INSOLUBLE  ICATTEB. 

Determine  as  under  Naphthol  Yellow  S,  page  211. 

SODIUM  OHLOBID   (SEEKEB  ANB  MATHEWSON'S  METHOD). 

Mix  2  grams  of  dye  thoroughly  with  from  2  to  3  grams  of  sodium 
carbonate,  moisten  with  water  to  form  a  paste,  again  mix,  dry,  and 
ignite  at  a  low  red  heat.    By  moistening,  drying,  and  reigniting  a 
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more  complete  destruction  of  organic  matter  is  obtained.  Break  up 
the  charred  mass,  introduce  into  a  200-cc  graduated  flask  with  about 
100  to  150  cc  of  hot  water,  and  add  an  excess  of  potassium  perman* 
ganate  to  oxidize  sulphids.  Destroy  the  excess  of  permanganate  by 
adding  sulphur  dioxid  solution  until  the  red  color  changes  to  brown, 
then  cool  the  mixtiure  and  make  up  to  the  mark  with  water.  Fflter 
through  a  dry  paper,  acidify  100  cc  of  the  filtrate  with  nitric  acid, 
and  precipitate  the  chlorin  as  silver  chlorid  by  the  addition  of  silver 
nitrate.  If  the  solution  should  be  brownish  from  a  trace  of  organio 
matter  the  silver  chlorid  does  not  readily  coagulate  and  tends  to  pass 
through  the  filter.  In  this  case  a  few  drops  of  potassium  permanganate 
solution  are  added  to  this  acid  mixture,  the  organic  matter  being 
ahnost  instantly  oxidized.  The  mixture  is  then  decolorized  with  a 
few  drops  of  sulphur  dioxid  solution,  the  silver  chlorid  is  separated  on 
a  tared  gooch,  washed,  ignited,  and  weighed  in  the  usual  manner. 
The  following  method  may  also  be  used  for  Ponceau  3R: 
Dissolve  5  grams  of  the  dye  in  15C  cc  hot  water,  wash  into  a  2S0-cc 
graduated  flask,  and  add  25  cc  of  a  10  per  cent  solution  of  barium 
nitrate.  Cool  the  mixture,  make  up  to  the  mark,  and  filter  through  a 
dry  paper;  acidify  100  cc  of  the  filtrate,  representing  2  grams  of  color, 
with  nitric  acid,  and  treat  with  silver  nitrate  solution,  the  precipi- 
tated silver  chlorid  being  separated,  washed,  ignited,  and  weighed  in  a 
tared  gooch  crucible  in  the  usual  way. 

SODIUM   SULPHATE. 

Dissolve  2  grams  of  dye  in  100  cc  of  hot  water,  wash  into  a  200-cc 
graduated  flask,  add  50  grams  of  piu^  sodium  chlorid,  cool,  and  make 
up  to  the  mark  with  water.  Filter  through  a  dry  filter,  dilute  100  cc 
of  the  filtrate  to  300  cc,  acidify  with  hydrochloric  acid  and  precipi- 
tate the  sulphates  with  barium  chlorid.  Filter,  wash,  ignite,  and 
weigh  in  a  tared  platinum  gooch  in  the  usual  way. 

HEAVY  METALS. 

Determine  as  given  under  Naphthol  Yellow  S,  page  212. 

ABSENIO. 

Determine  as  given  under  Naphthol  Yellow  S,  page  212. 

ETHER  EXTBAOTIVES. 

Determine  as  given  under  Naphthol  Yellow  S,  page  214. 

SULFHATED  ASH. 

Determine  as  given  under  Naphthol  Yellow  S,  page  214. 
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OALcnnc. 
Determine  as  given  under  Naphthol  Yellow  S,  page  215. 

SULPHUR. 

Determine  as  given  under  Naphthol  Yellow  S,  page  215. 

NITROGEN    (seeker  AND  ICATHEWSON^S  METHOD). 

Treat  2  grams  of  the  color  with  25  cc  of  a  saturated  solution  of 
sulphur  dioxid  and  1  gram  of  zinc  dust  and  warm  the  mixture  gently 
until  it  becomes  colorless.  This  should  take  place  in  from  two  to  three 
minutes,  but  if  it  does  not  add  more  sulphur  dioxid  solution  in  small 
portions  at  a  time  until  the  color  is  destroyed.  Then  add  30  cc  of  con- 
centrated sulphuric  acid  and  0.7  gram  of  mercuric  oxid  or  its  equiva- 
lent of  metallic  mercury  and  digest  the  mixture,  make  alkaline,  and 
distil  as  directed  on  page  6,  Bulletin  107,  Revised,  Bureau  of  Chemistry, 
United  States  Department  of  Agriculture,  under  the  Kjeldahl  process. 

CRUDE   CUMIDIN. 

Dissolve  20  grains  of  dye  in  400  cc  of  hot  water  and  pour  the  solu- 
tion, a  little  at  a  time,  into  a  reducing  solution  composed  of  75  grains 
of  stannous  chlorid  dissolved  in  180  cc  of  concentrated  hydrochloric 
acid.  Heat  the  mixture  on  a  steam  bath  until  it  is  straw  colored, 
cool,  add  an  excess  of  sodium  hydroxid,  and  extract  in  a  separately 
funnel  with  ether.  Separate  the  ether  layer  and  distil  off  the  solvent 
until  the  residue  measures  about  50  cc.  Then  cautiously  heat  over 
the  steam  with  constant  agitation  imtil  the  odor  of  ether  disappears, 
after  which  the  last  of  the  moisture  is  removed  by  introducing  a  few 
pieces  of  solid  caustic  soda  and  allowing  to  stand.  The  residue  con- 
sists of  crude  cumidin  and  should  boil  above  220*^  C.  Cumidin 
nitrate  is  sparingly  soluble  in  water. 

OBAKGE  L 
MOISTURE. 

Determine  as  given  under  Ponceau  3R,  page  215. 

TOTAL  INSOLUBLE  MATTER 

Determine  as  given  under  Naphthol  Yellow  S,  page  211. 

NONVOLATILE  OR  INORGANIC  INSOLUBLE  MATTER. 

Determine  as  given  under  Naphthol  Yellow  S,  page  211. 

SODIUM   CHLORID. 

Determine  as  given  under  Ponceau  3R,  page  215. 
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SODIUM   SULPHATE. 

Dissolve  1  gram  of  dye  in  100  cc  water  contained  in  a  200-cc  grad- 
uated flask  and  treat  the  solution  with  60  cc  of  a  20  per  cent  solution 
of  potassium  chlorid.  Make  the  mixture  up  to  the  mark  with 
water^  shake,  filter  through  a  dry  paper,  dilute  an  aliquot  of  100  cc 
of  the  filtrate  to  200  cc,  acidify  with  1  cc  of  10  per  cent  hydro- 
chloric acid,  treat  with  5  cc  of  10  per  cent  barium  chlorid  solution, 
and  allow  to  stand  over  night.  If  a  precipitate  has  been  formed 
this  is  separated,  ignited,  and  weighed  in  the  usual  way. 

HEAVY  METALS. 

Determine  as  given  under  Naphthol  Yellow  S,  page  212. 

ARSENIC    (seeker  AND   SMITH'S   METHOD). 

Dissolve  2  grains  of  dye  in  a  mixture  of  130  cc  water  and  70  cc  of 
95  per  cent  alcohol.  Add  about  10  cc  of  strong  bromin  water  to 
convert  any  arsenite  to  arsenate.  Make  the  mixture  alkaline  with  a 
few  cubic  centimeters  of  strong  ammonium  hydroxid  and  add,  from 
a  pipette,  20  cc  of  a  sodium  phosphate  solution  containing  100 
grams  of  crystallized  sodium  phosphate  per  liter,  after  which  mag- 
nesia mixture  (containing  55  grams  of  hydrated  magnesium  chlorid, 
55  grams  of  ammonium  chlorid,  and  88  cc  of  ammonium  hydroxid, 
sp.  gr.  0.9,  per  hter)  is  added  from  a  burette,  stirring  vigorously. 
The  amount  of  magnesia  mixture  to  be  added  should  be  in  slight 
excess  of  that  necessary  to  precipitate  the  phosphate  completely, 
and  should  be  previously -ascertamed  by  a  blank  experiment.  Finally 
add  10  cc  of  ammonium  hydroxid  (sp.  gr.  0.96)  and  allow  the  whole 
to  stand  for  at  least  eight  hours.  Separate  the  precipitate  by  filtra- 
tion and  wash  it  free,  or  nearly  so,  of  dye  with  a  mixture  of  one-third 
alcohol  and  two-thirds  water  containing  one-tenth  its  volume  of 
ammonium  hydroxid  (sp.  gr.  0.90).  Dissolve  the  precipitate  from  the 
paper  with  20  per  cent  sulphuric  acid,  the  washings  being  collected 
in  a  large  porcelain  crucible.  Add  5  cc  of  concentrated  nitric  acid 
to  the  contents  of  the  crucible  and  evaporate  the  whole  almost  to 
dryness.  The  mixture  need  not  be  colorless  at  this  point,  a  brown 
colored  solution  giving  equally  accurate  results.  Add  20  cc  of  water 
to  the  residue  in  the  crucible  and  then  10  cc  of  a  saturated  solution 
of  sulphur  dioxid.  Evaporate  the  solution  to  a  syrupy  consistency 
to  remove  sulphur  dioxid,  and  then  take  up  in  20  cc  of  water,  place 
in  a  30-cc  evolution  bottle,  add  5  cc  of  concentrated  sulphuric  acid, 
and  determine  the  arsenic  by  the  modified  Gutzeit  method  as  given 
under  Naphthol  Yellow  S,  page  213. 

ETHER  EXTRACTIVES. 

Determine  as  given  under  Naphthol  Yellow  S,  page  214 
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8ULPHATED  ASH. 

Determine  as  given  under  Naphthol  Yellow  S,  page  214. 

CALCIUM. 

Determine  as  given  under  Naphthol  Yellow  S,  page  215. 

SULPHUR. 

Determine  as  given  under  Naphthol  Yellow  S,  page  215. 

NITBOGEN. 

Determine  as  given  under  Ponceau  3R,  page  217. 

TEST  FOB  OBANGE  H    (SMITH  AND  MATHEWSON's  METHOD). 

The  following  solutions  are  required: 

(1)  Fifteen  per  cent  titanium  trichlorid. 

(2)  Freshly  prepared  diazotized  sulphanilic  acid.  Heat  a  mixture 
composed  of  1  gram  of  sulphanilic  acid;  10  cc  of  water,  and  20  cc  of 
concentrated  hydrochloric  acid  on  a  steam  bath  for  five  minutes  with 
occasional  shaking.  Cool  to  about  10^  C.  and  add  slowly  10  cc  of  a  1 
per  cent  solution  of  sodium  nitrite.  Allow  the  mixture  to  stand  at 
about  10^  for  10  minutes,  dilute  to  1  liter,  and  shake  until  all  the 
solid  particles  have  dissolved. 

(3)  Stannous  chlorid,  prepared  by  dissolving  40  grams  of  stannous 
chlorid  in  100  cc  of  concentrated  hydrochloric  acid.  Dilute  this  ten 
times  with  water,  immediately  before  using. 

Place  2  cc  of  a  0.1  per  cent  solution  of  the  dye  in  a  colorimeter  tube 
having  a  capacity  of  about  100  cc,  add  a  small  drop  of  titanium  trichlo- 
rid solution  and  shake  until  the  mixture  is  decolorized.  Standards 
containing  the  same  quantity  of  color  composed  of  a  mixture  of  pure 
Orange  I  and  known  amounts  of  Orange  II  are  treated  in  the  same 
way,  the  volume  of  the  solution  at  this  point  to  measure  less  than  5  cc. 
Dilute  the  decolorized  solutions  to  50  cc  with  95  per  cent  alcohol  and 
equalize  the  temperature  by  immersing  the  tubes  in  water  at  room 
temperature.  (Note. — A  slight  coloration  that  may  develop  at  this 
point  may  be  disregarded.)  Allow  the  tubes  to  stand  in  the  water 
for  about  five  minutes,  add  2  cc  of  the  diazotized  sulphanilic  acid, 
and  mix  thoroughly.  If  the  titanium  trichlorid  has  not  been  used- 
in  too  great  excess,  the  first  few  drops  of  the  diazotized  sulphanilic 
add  will  cause  a  formation  of  color.  Allow  the  coupling  to  proceed 
for  three  minutes  and  then  add  5  cc  of  the  diluted  stannous  chlorid 
with  vigorous  shaking.  In  two  minutes  the  blue  color  due  to  Orange  I 
will  disappear,  leaving  only  the  pink  caused  by  the  coupling  product 
of  Orange  II.  The  depth  of  color  in  the  tube  containing  the  dye 
under  examination  may  then  be  compared  to  the  standards. 
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AHABANTH. 
MOISTURE. 

Determine  as  given  under  Ponceau  3R;  page  215. 

TOTAL  INSOLUBLE  MATTEB. 

Determine  as  given  under  Naphthol  Yellow  S,  page  211. 

NONVOLATILE  OB   INOBGANIO   INSOLUBLE  MATTEB. 

Determine  as  given  under  Naphthol  Yellow  S,  page  211. 

SODIUM   GHLOBID. 

Determine  as  given  under  Ponceau  SB,  page  215. 

SODIUM   SULPHATE. 

Dissolve  2  grams  of  dye  in  100  cc  of  warm  water  in  a  200-cc  grad- 
uated flask;  and  add  36  grams  of  pure  sodium  chlorid.  Allow  the 
mixture  to  stand  with  frequent  shaking  for  one  hour,  and  after  cooling 
make  up  to  the  mark  with  a  saturated  salt  solution.  Shake  the 
mixture  and  filter  through  a  diy  paper;  dilute  100  cc  of  the  filtrate 
(representing  1  gram)  with  water,  acidify  with  hydrochloric  acid,  and 
precipitate  the  sulphates  with  barium  chlorid.  The  precipitate  is 
separated,  washed,  and  ignited  upon  a  tared  platinum  gooch  crucible. 

HEAVY   METALS. 

Determine  as  given  under  Naphthol  Yellow  S,  page  212. 

ABSENIG. 

Determine  as  given  \mder  Naphthol  Yellow  S,  page  212. 

ETHEB  BXTBACTIVES. 

Determine  as  given  under  Naphthol  Yellow  S,  page  214. 

SULFHATED  ASH. 

Determine  as  given  under  Naphthol  Yellow  S,  page  214. 

CALCIUM. 

Determine  as  given  under  Naphthol  Yellow  S,  page  215. 

SULPHUB. 

Determine  as  given  under  Naphthol  Yellow  S,  page  215. 
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KITBOGEN. 

Detennine  as  given  under  Ponceau  3B;  page  217. 

UGHT  GBEEK  8  F  YELLOWISH. 
MOISTUBE. 

Determine  as  given  under  Ponceau  3B,  page  215. 

TOTAL  INSOLUBLE  MATTEB. 

Determine  as  given  under  Naphthol  Yellow  S,  page  211. 

NONVOLATILE  OB  INOBQANIG   INSOLUBLE  MATTEB. 

Determine  as  given  under  Naphthol  Yellow  S,  page  211. 

SODIUM   CHLOBm. 

Determine  as  given  imder  Ponceau  3R,  page  215. 

SODIUM   SULPHATE. 

Dissolve  5  grams  of  the  color  in  100  cc  of  water,  warming  by  means 
of  a  gentle  heat.  Dissolve  1 1  grams  of  safranin  in  a  separate  portion 
of  400  cc  of  water,  also  by  warming,  taking  care  in  both  instances  to 
prevent  loss  by  evaporation.  Mix  the  two  solutions,  shake  thor^ 
oughly,  and  filter  through  a  diy  filter.  Render  an  aliquot  portion 
of  the  filtrate  alkaline  with  sodium  hydroxid  and  remove  the  excess 
of  safranin  by  shaking  with  two  successive  portions  of  amyl  alcohol. 
Wash  the  combined  amyl  alcohol  layers  with  two  portions  of  water 
and  add  the  washings  to  the  main  aqueous  solution,  which  is  then 
acidified  with  hydrochloric  acid  and  sulphates  determined  in  the  usual 
maimer  by  preciptiation  with  barium  chlorid  as  barium  sulphate. 

HEAVY  METALS. 

Determine  as  given  imder  Naphthol  Yellow  S,  page  212. 

ABSENIO. 

Determine  as  given  under  Naphthol  Yellow  S,  page  212. 

ETHEB  EXTBACTIVES. 

Determine  as  given  under  Naphthol  Yellow  S,  page  214. 

SULPHATED  ASH. 

Determine  as  given  under  Naphthol  Yellow  S,  page  214. 

OALOIUM. 

Determine  as  given  under  Naphthol  Yellow  S,  page  215 
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SULPHUB. 

Determine  as  given  under  Naphthol  Yellow  S,  page  215. 

KITBOGEN. 

Determine  on  2-gram  portions  by  Qunning's  modification  of  the 
Kjeldahl  process,  using  a  little  copper  sulphate  to  assist  the  oxidation 
(see  page  7,  Bulletin  107,  Revised,  Bureau  of  Chemistiy,  United 
States  Department  of  Agriculture). 

BBYTHKOSIN. 

MOISTUBE. 

Determine  as  given  under  Ponceau  SB,  page  215. 

TOTAL  INSOLUBLE  MATTER. 

Determine  as  given  under  Naphthol  Yellow  S,  page  211. 

NONVOLATILE  OB  INOBGANIO  INSOLUBLE  MATTEB 

Determine  as  given  under  Naphthol  Yellow  S,  page  211. 

SODIUM  GHLOBID. 

Dissolve  6  grams  of  the  dye  in  400  cc  water  and  acidify  with  dilute 
nitric  acid.  Make  the  mixture  up  to  500  cc  with  water,  and  then 
filter  through  a  dry  filter.  Determine  chlorids  in  an  aliquot  of  200  cc 
of  the  filtrate  by  precipitation  with  silver  nitrate,  washing,  igniting, 
and  weighing  the  silver  chlorid  in  a  tared  gooch  crucible  in  the  usual 
manner. 

SODIUM   SULPHATE. 

Employ  another  aliquot  of  the  filtrate  obtained  after  precipitating 
the  color  acid  as  above  in  the  determination  of  sulphates,  precipi- 
tating the  latter  as  barium  sulphate  in  the  usual  manner. 

HEAVT  METALS. 

Determine  as  given  under  Naphthol  Yellow  S,  page  212. 

ABSENIO    (SEEKEB  AND  SMITH's   BCETHOD). 

Dissolve  16  grams  of  dye  in  370  cc  of  water,  add  5  cc  of  strong 
bromin  water,  and  finally  25  cc  of  dilute  sulphuric  acid  (1  to  4). 
Shake  thoroughly  and  filter  through  a  dry  filter.  Place  an  aliquot 
of  250  cc,  representiDg  10  grams  of  color  from  the  filtrate,  in  a  porce- 
lain casserole,  add  5  cc  concentrated  nitric  acid  (veiy  important  to 
prevent  loss  of  arsenic) ,  and  evaporate  till  fuming  has  ceased.  Reduce 
the  residue  with  sulphur  dioxid  solution,  evaporate  to  small  bulk, 
and  determine  the  arsenic  in  the  form  of  apparatus  used  by  Bishop  in 
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his  modification  of  the  Gutzeit  test.  See  under  Naphthol  Yellow  S, 
pages  212  and  213.  (Note. — ^It  is  somewhat  difficult  at  times  to 
recover  250  cc  of  filtrate,  but  less  may  be  used  and  a  correction  made, 
if  necessary.) 

BTHEB  EXTBA0HTE8. 

Determine  as  given  under  Naphthol  Yellow  S,  page  214,  omitting 
the  acid  extraction. 

SULFEDITED  ASH. 

Determine  as  given  under  Naphthol  Yellow  S,  page  214. 

lODIN,  BBOMIN,  AND  OHLOBIN    (OOBNSLISON'S  METHOD). 

Mix  0.2  to  0.3  gram  of  the  sample  with  2  grams  of  pure  potassium 
bichromate  and  15  cc  of  strong  sulphuric  acid  in  the  evolution  flask 
of  an  apparatus  made  entirely  of  glass,  with  ground-glass  joints. 
Thoroughly  mix  the  contents  of  the  evolution  flask,  so  that  all  lumps 
are  disintegrated,  and  then  heat  at  100^  C.  for  15  minutes,  after 
which  raise  the  temperature  to  150^  C.  for  thirty  nunutes,  a  cur^ 
rent  of  air  dried  over  calcium  chlorid  and  potassium  hydroxid  being 
drawn  through  the  apparatus  during  this  time.  lodin  remains  in 
the  evolution  flask  as  iodic  acid;  bromin  passes  off  as  such,  and  may 
be  absorbed  by  allowing  the  air  passing  through  the  apparatus  to 
bubble  through  1  per  cent  sodium  hydroxid.  Chlorin  passes  out  of 
the  evolution  flask  as  chromyl  chlorid,  and  may  also  be  absorbed  in 
sodium  hydroxid.  Cool  the  mixture  containing  the  iodic  acid,  and 
reduce  the  chromic  acid  by  addition  of  sulphur  dioxid,  about  20  cc 
of  a  saturated  solution  being  required.  When  enough  has  been 
added,  the  precipitated  iodin  redissolves,  and  the  clear  green  color 
of  chrome  alum  appears.  Filter,  wash  the  paper  with  distilled  water, 
dilute  the  filtrate  and  washings  to  about  300  cc,  and  add  an  excess  of 
silver  nitrate.  Boil  till  the  silver  iodid  has  flocculated,  allow  to  stand 
for  a  fe^  hours,  and  separate  and  weigh  the  silver  iodid  in  a  tared 
gooch. 

It  sometimes  happens  that  the  mixture  containing  the  iodic  acid, 
after  the  reduction  with  sulphur  dioxid,  becomes  turbid,  owing, 
apparently,  to  separation  of  a  basic  chromium  sulphate.  Very  often 
the  turbidity  can  not  be  removed  by  filtering,  and  it  has  been  found 
advisable  in  this  case  to  reject  the  determination  and  begin  anew. 

IODIN    (SEEKEB  AND  MATHEWSON'S  METHOD).^ 

Place  from  0.3  to  0.4  gram  of  the  erythrosin  in  a  porcelain  casserol, 
dissolve  this  in  5  cc  of  a  10  per  cent  sodium  hydroxid  solution,  then 
add  35  cc  of  a  7  per  cent  solution  of  potassium  permanganate.    After 

>  U.  8.  Dept.  Agr.,  Boroeii  of  Cbtuniatty  Circular  66.   TbB  estimatton  of  iodin  in  ocgmio 
and  its  tepantion  fkom  other  halogens. 
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mixing,  cover  the  vessel  with  a  watch  ciystal,  and  add  10  cc  of 
nitric  acid;  keeping  the  dish  covered.  Agitate  the  mixture,  place 
on  a  steam  bath,  and  keep  covered  imtil  spattering  ceases,  after 
which  remove  the  watch  glass  and  allow  evaporation  to  proceed  to 
dryness.^  Treat  the  residue  with  5  cc  of  7  per  cent  potassium  per- 
manganate and  5  cc  of  concentrated  nitric  acid  and  again  evaporate 
to  diyness.  Then  add  about  50  cc  of  water  and  5  cc  of  concentrated 
nitric  acid  to  the  residue,  following  this  by  40  cc  of  a  saturated  solu- 
tion of  sulphur  dioxid,  and  allow  the  whole  to  stand  with  occasional 
stirring  (breaking  up  the  lumps  with  a  glass  rod)  until  the  hydrated 
oxid  of  manganese  has  dissolved.  Filter,  and  wash  the  paper  with 
water.  Add  an  excess  of  silver  nitrate  to  the  filtrate,  and  boil  imtil 
sulphur  dioxid  has  been  expelled  and  the  silver  iodid  has  flocculated. 
Separate,  wash,  and  weigh  the  precipitate  in  the  usual  manner. 

TOTAL  HALOGENS. 

Mix  0.5  to  1  gram  of  the  dye  with  4  grams  of  potassium  carbonate, 
moisten  to  a  paste,  again  thoroughly  mix,  cover  with  a  layer  of  dry 
potassium  carbonate,  dry,  and  ignite  at  a  low  red  heat.  Break  up 
the  char  thoroughly,  digest  with  about  200  cc  water,  and  filter. 
Wash  the  insoluble  matter  until  the  washings  no  longer  react  with 
silver  nitrate;  then  acidify  the  filter  and  washings  with  nitric  acid 
and  precipitate  the  halogens  in  the  usual  way  as  silver  salts. 

INDIGO  DISTTLPHOACn). 
MOISTURE. 

Determine  as  given  imder  Ponceau  3R,  page  215. 

TOTAL  INSOLUBLE   MATTER. 

Determine  as  given  under  Naphthol  Yellow  S,  page  211. 

NONVOLATILE  OR  INORGANIO   INSOLUBLE  MATTER. 

Determine  as  given  imder  Naphthol  Yellow  S,  page  211. 

SODIUM   GHLORID. 

Determine  as  given  under  Ponceau  3R,  page  215. 

SODIUM   SULPHATE. 

Dissolve  2  grams  of  the  dye  in  about  160  cc  of  water  and  treat  the 
solution  with  40  grams  of  pure  sodium  chlorid.  After  the  salt  has 
dissolved,  make  up  the  volume  to  exactly  200  cc.    Shake  the  mix- 

>  In  the  opflntkm  of  drying  pmrtioalar  oaie  shoQld  be  obsored  to  prev^ 
mixture. 
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ture  thoroughly  and  filter  through  a  dry  filter.  Dilute  50  cc  of  the 
filtrate  with  200  cc  of  water,  acidify  with  1  cc  of  10  per  cent  hydro- 
chloric acid,  and  treat  with  an  excess  of  barium  chlorid  solution. 
After  standing  overnight,  the  precipitate  is  separated,  washed, 
ignited,  and  weighed  in  the  usual  way. 

HEAVY   METALS. 

Determine  as  given  under  Naphthol  Yellow  S,  page  212. 

ARSENIC    (seeker   AND   SMFTH's   METHOD). 

Treat  10  grams  of  dye  in  a  Kjeldahl  flask  with  100  cc  water  and 
10  cc  concentrated  nitric  acid.  Warm  gently  and  finally  boil  until 
all  action  has  ceased.  Transfer  to  a  beaker,  make  alkaline  with 
ammonium  hydroxid,  and  proceed  from  this  point,  as  in  the  case  of 
the  solution  of  Naphthol  Yellow  S,  page  212,  continuing  from  the 
point  at  which  sodium  phosphate  is  added. 

ETHER   EXTRACTIVES. 

Dissolve  3  grams  of  dye  in  200  cc  of  water  and  extract  with  #ther, 
as  directed  under  Naphthol  Yellow  S,  page  214. 

SULPHATED   ASH. 

Determine  as  given  under  Naphthol  Yellow  S,  page  214. 

CALCIUM. 

Determine  as  given  under  Naphthol  Yellow  S,  page  215. 

SULPHUR. 

Determine  as  given  under  Naphthol  Yellow  S,  page  215. 

NITROGEN. 

Determine  as  given  under  Light  Green  SF  Yellowish,  page  222. 

XVni.  ADDEVDA. 

ADDITIONAL  EXAIONATIOK  OF  COAL-TAB  DYES. 

Since  the  foregoing  report  was  written  the  chemical  examination  of 
the  coal-tar  dye  specimens  collected  in  the  summer  of  1907  has  been 
completed.  This  investigation  shows  that  7  of  the  Green  Table  num- 
bers then  reported  were  not  on  the  market,  although  those  furnishing 
the  specimens  included  them  at  the  time  that  the  samples  were  sup- 
plied.   These  numbers  are  as  follows:  not  physiologically  examined, 

97291**— BuU.  147—12 ^15 
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G.  T.  49,  60,  104,  518,  523;  physiologically  examined,  with  unfavora- 
ble result,  G.  T.  516;  with  favorable  result,  G.  T.  520. 

The  chemical  examination  also  shows  that  each  of  9  additional 
Green  Table  numbers  occurred  once  among  the  unreported  numbers. 
They  are  as  follows:  7U)t  examined  pTiysiologicaUy,  Q.  T.  20,  328; 
examined  physiologically:  with  unfavorable  results,  G.  T.  602;  with 
favorable  results,  G.  T.  92,  477,  521 ;  with  contradictory  results,  G.  T. 
16,  43,  163.  G.  T.  20  is  anilin  azo  (1:8)  dioxy  naphthalene  (3:6) 
disulpho  acid.  G.  T.  328  is  diamino-stilbene-disulpho  acid-disazo- 
phenol. 

This  chemical  examination  finally  shows  that  beside  the  Green 
Table  numbers  there  occurred,  once  each,  the  following:  sulphonated 
Victoria  Blue  B  and  a  sulphonated  rhoduUn  and  twice,  amido-azo- 
toluene-azo-alpha-naphthol. 

It  is  clear  that  this  revised  statement  of  facts  is  without  influence 
on  the  7  permitted  dyes  selected;  its  only  effect  is  to  add  G.  T.  92 
(yellow),  477  (blue),  and  521  (red)  (each  occurring  but  once)  to,  and 
to  subtract  620  (red)  (said  to  occur  twice)  from,  the  16  dyes  (page  166) 
from  among  which  the  7  permitted  dyes  were  selected,  thus  giving  18 
instead  of  16  dyes  to  choose  from;  however,  the  final  selection  is 
wholly  unaffected  thereby.  It  is  also  clear  that  any  and  all  inter- 
mediate conclusions  or  comparisons  are  only  slightly  and  immaterially 
affected,  if  at  all,  by  the  results  of  this  additional  examination. 
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Acid  YeUow  S  (4). 

AlkaU  Blue  (477). 

Azo  Acid  Rubin  2B  (107). 

Azo  YeUow  (92). 

Crocein  Scarlet  0  extra  (164). 

Dimethylanilin  Orange  (87). 

Eoflin,  water  soluble  (512). 

Faat  Red  A  (102). 

Faat  Red  B  (65). 

Fast  Red  E  (105). 

Fast  Yellow  Y  (8). 

Indian  Yellow  (92). 


IndulinRandB(601). 
Leucindophenol  (572). 
Methyl  Orange  (87). 
Naphthylamin  Pink  (614). 
Naphthylene  Blue  R  in  crystals  (639). 
Soluble  Blue  8B  and  lOB  (479). 
Sulphur  Yellow  (4). 
Thiochromogen  (659). 
Victoria  Blue  (488). 
Wool  Black  (166). 
Yellow  T  (84). 
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LETTER  OF  TRANSMITTAL. 


U.  S.  Department  of  Agriculture, 

Bureau  of  Chemistry, 
Washington,  D.  O.,  November  14, 1911. 
Snt:  I  have  the  honor  to  submit  for  your  approval  a  manuscript 
on  the  toxicity  of  cafFein,  which  is  the  first  of  a  series  of  reports  to 
be  made  by  Dr.  Salant  on  the  pharmacology  of  this  drug;  the  con- 
clusions here  reported  are,  therefore,  in  some  particulars  to  be 
regarded  as  tentative.  The  data  obtained  are  primarily  of  use  in  the 
execution  of  the  food  and  drugs  act,  but  are  capable  of  much  broader 
application. 

Acknowledgment  is  made  of  the  assistance  rendered  by  Dr.  John 
R.  Mohler,  Chief  of  the  Pathological  Division,  Bureau  of  Animal 
Industry,  and  his  assistants,  in  performing  the  autopsies  recorded  in 
this  report.  I  recommend  the  publication  of  the  manuscript  as 
Bulletin  No.  148  of  the  Bureau  of  Chemistry. 
Respectfully, 

H.  W.  Wiley,  Chief. 
Hon.  James  Wilson, 

Secretary  of  Agriculture, 
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THE  TOXICITY  OF  CAFFEIN. 


nrTEODTTCTIOlf. 

Comparative  physiology  has  established  the  fundamental  fact  that 
some  properties  are  common  to  all  forms  of  living  matter.  But  the 
same  method  of  inquiry  has  also  led  to  the  recognition  of  marked 
differences  in  the  physiological  processes  of  various  species  of  animals. 
Among  the  most  important  investigations  which  contributed  to  the 
knowledge  of  such  variation  of  function  are  the  studies  in  comparative 
metabolism.  It  is  now  recognized  that  metabolism  is  in  some 
respects  quite  different  in  herbivora  and  in  camivora.  Some  forms 
of  oxidation  are  much  greater  in  the  rabbit  than  in  cats  and  dogs. 
Nuclein  metabolism  presents  important  differences  in  the  rabbit  and  in 
man,  while  the  mode  of  neutralizing  acid  in  the  body  may  be  cited  as 
another  variation  in  the  metabolism  of  these  forms.  Perhaps  the 
most  striking  examples  of  differences  in  the  metabolism  of  different 
organisms  is  furnished  by  the  results  of  studies  on  the  fate  of  certain 
poisons  introduced  into  the  body. 

The  classical  experiments  of  Bimge  and  Schmiedebei^^*  "on  the  syn- 
thesis of  hippuric  acid  are  of  interest  in  this  regard.  It  will  be  recalled 
that  in  the  dog  the  synthesis  takes  place  in  the  kidney ;  the  rabbit  is  able 
to  form  hippuric  acid  in  the  liver  as  well  as  in  the  kidney,  while  frogs 
can  synthesize  hippuric  acid  even  when  both  of  these  organs  have  been 
removed  or  excluded  from  the  circulation.  Observations  on  the  fate 
of  some  of  the  alcohols  of  the  fatty  acid  series  have  likewise  shown  that 
these  substances  may  be  combined  with  glycuronic  acid  in  some  animals 
but  not  in  others.  According  to  Thierfelder  and  Von  Mering,  ^  ter- 
tiary alcohols  are  combined  in  this  manner  in  the  rabbit  but  not  in  the 
dog.  According  to  Neubauer,**  the  primary  and  secondary  alcohols 
are  so  combined  in  the  dog  as  well  as  in  the  rabbit,  but  to  a  greater 
degree  in  the  latter. 

Pohl  ^'  found  that  amyl  alcohol  is  largely  eliminated  by  the  limgs  in 
the  cat  and  in  the  dog.  The  protocols  of  his  experiments  show  that 
65  per  cent  of  the  alcohol  given  these  animals  was  thus  recovered, 
while  he  recovered  only  22  per  cent  of  this  substance  in  the  expired 
air  of  the  rabbit.  Examination  of  tne  urine  showed  the  presence  of 
glycmronic  acid.    Hofmeister's  ^  work  with  tellurium  in  the  dog  is  of 
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6  THE  TOXICITY  OF   CAFFEIN. 

interest  in  this  connection.  He  made  the  important  discovery  that 
some  animals  possess  the  power  of  methylation  as  well  as  of  demethyl- 
ation.  Abderhalden  and  Brahm's  *  experiments  with  pyridin  show 
that  the  same  is  true  of  young  dogs  when  on  a  meat  diet.  His  experi- 
ments on  rabbits  with  this  substance  were  negative. 

The  metabolism  of  oaffein  and  theobromin  furnish  another  illustra- 
tion of  differences  in  the  physiological  mechanism  of  animals.  Al- 
though the  substances  f oimd  in  the  urine  of  man,  dog,  and  rabbit  after 
the  administration  of  caffein  and  theobromin  were  the  same,  the  quan- 
tities varied  considerably.  According  to  Kriiger  and  Schmidt/^  over 
14  per  cent  of  the  theobromin  introduced  into  the  rabbit  is  eliminated 
as  7-methyl  xanthin  in  the  urine.  The  dog  eliminates  only  about  0.67 
per  cent.  On  the  other  hand,  the  amount  of  tri-methyl  xanthin  elimi- 
nated was  only  3  per  cent  in  the  dog  and  not  quite  1  per  cent  in  the 
rabbit. 

It  appears,  therefore,  from  studies  in  comparative  metabolism, 
whether  endogenous  or  exogenous,  that  well-marked  physiologic  and 
chemical  differences  exist  in  various  species  of  anim^ds.  That  phar- 
macological action  may  likewise  vary  in  different  species  of  animals 
is  shown  by  the  following  investigations.  According  to  Guinard,** 
who  made  an  exhaustive  study  of  morphin,  the  reaction  to  this  alka- 
loid varies  in  different  forms  of  life,  both  qualitatively  and  quanti- 
tatively. He  established  its  narcotic  effect  in  the  dog,  rabbit,  guinea 
pig,  white  mice,  and  rats,  while  for  the  cat,  horse,  ox,  sheep,  hog,  and 
goat  it  is,  on  the  contrary,  a  stimulant.  Moreover,  there  is  no  evi- 
dence of  cerebral  effect.  The  stimulating  effect  of  morphin  on  the 
nervous  system  in  some  animals  was  also  observed  by  Noe  •*  in  experi- 
ments with  this  substance  on  the  hedgehog. 

Guinard  *"»  ^  has  also  shown  that  morphin  has  no  narcotic  effect  in 
the  marmot,  although  this  animal  is  very  sensitive  to  the  drug.  Two 
milligrams  per  kilo  were  found  to  be  a  surely  fatal  dose  for  this  animal. 
His  experiments  on  the  comparative  toxicity  of  morphin  **  '*  show  a 
considerable  range  of  variation  in  different  species.  Thus  the  fatal 
dose  for  the  dog  was  found  to  be  0.65  per  kilo,  while  7  mg  per  kilo  is 
the  fatal  dose  for  the  horse.  About  twice  the  amount  is  fatal  for  the 
ox  and  0.2  mg  per  kilo  kills  the  pig.  Experiments  with  other  drugs  has 
shown  that  a  considerable  range  of  variation  in  resistance  exists  in 
animals  of  different  species. 

Noe's  ^  studies  on  the  comparative  toxicity  of  chloral  brought  out 
the  interesting  fact  that  the  rabbit  is  more  resistant  to  it  than  the 
hedgehog  and  the  latter  more  resistant  than  the  guinea  pig.  Per- 
haps the  most  striking  example  of  a  difference  in  reaction  of  the 
same  substance  in  widely  different  species  is  that  furnished  by 
apocodein,  quinin,  and  yohimbin.    According  to  Gunn"  thei^  sub- 
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stances  have  been  found  to  cause  vasodilation  in  warm-blooded 
animals,  but  they  constrict  the  blood  vessels  of  the  frog. 

Experiments  with  apomorphin  likewise  show  that  the  reaction  to 
this  substance  varies  in  different  species  of  animals.  The  resistance 
of  the  cat  to  this  drug  iS;  according  to  Guinard,^^  ten  times  greater  than 
that  of  the  dog,  and  the  latter  is  more  sensitive  than  the  rabbit  to 
the  crystalline  form  of  apomorphin  when  given  intravenously. 
According  to  Kobert^^  amygdalin  is  without  effect  on  dogs,  but  it 
is  poisonous  to  rabbits.  Lapicque^*  found  that  the  toxicity  of 
curara  varies  in  different  species  of  frogs,  the  dose  required  to  pro- 
duce paralysis  in  Bana  escvlerUa  being  three  times  greater  than  in 
Bufo  vidgaris.  Weir  Mitchell**  pointed  out  long  ago  that  turtles 
stand  enormous  doses  of  curara.  Schmiedeberg's  experiments  with 
caffein  on  Bana  temporaria  and  Bana  esculenta  (and  more  recently 
those  of  Jacobi  and  Grolowinski^  with  caffein,  theobromin,  and 
theophyllin)  are  also  of  interest  in  this  connection.  These  experi- 
menters observed  well-marked  differences  of  reaction  to  methyl- 
xanthins  in  these  closely  alhed  forms. 

Ebcperiments  with  quinin  have  shown  that  the  action  of  this  sub- 
stance differs  in  some  animals.  It  causes  a  fall  of  temperature  imme- 
diately after  its  administration  in  the  guinea  pig,  but  frequently 
produces,  at  first,  a  rise  of  temperature,  followed  by  an  unimportant 
fall|  in  rabbits,  dogs,  and  man. 

The  numerous  investigations  which  have  been  carried  out  on  the 
effect  of  atoxyl  within  recent  years  have  contributed  much  to  the 
comparative  pharmacology  of  this  substance.  Although  the  symp- 
toms and  organic  changes  produced  by  this  substance  in  a  variety  of 
animals  present  no  great  differences,  the  resistance  of  some  has  been 
found  to  vary;  according  to  Kdster^  it  is  more  toxic  for  dogs  than 
for  rabbits.  A  number  of  other  substances  have  been  found  by 
various  experimenters  to  vary  in  toxicity  for  different  species  of 
animals.  Cantharadin,  phenol,  atropin,  and  strychnin  may  be  men- 
tioned as  illustrations. 

Pharmacological  studies  on  lower  forms  of  life  have  also  revealed 
marked  variations  in  the  effect  of  some  poisons.  Observations  made 
by  Danilewski/^  with  hydrochinone  indicate  that  solutions  of  1  to 
100  or  200  are  toxic  to  Celentrates,  causing  paralysis  in  these  organ- 
iafn&.  Echinoderms  are  killed  within  one  or  two  hours  in  1  to  1,000 
or  2,000  solution,  while  in  Vermes  even  weaker  solutions  cause 
tetanus  and  finally  paralysis.  The  expenments  of  Drzewina"  with 
potassium  cyanid  are  also  interesting  in  this  connection.  Teleosts 
placed  in  100  cc  of  sea  water  containing  twentieth-normal  potassium 
cyanid  showed  signs  of  asphyxia  and  died  in  10  to  20  minutes. 
Actinia  placed  in  a  solution  of  sea  water  containing  five  times  as 
much  potassium  cyanid  were  active  on  the  thirteenth  day  of  the 
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experiment.  Similar  results  were  obtained  with  other  marine 
organisms. 

From  these  data  it  is  evident  that  the  toxicity  of  a  substance  may- 
vary  considerably  in  different  forms  of  life.  It  has  been  shown  also 
by  some  investigations  cited  by  Salant^  that  the  action  of  drugs 
may  be  modified  by  different  conditions  m  the  environment  as  well 
as  in  the  subject  of  the  experiment.  The  recognition  of  the  import- 
ance of  these  factors  in  determining  pharmacological  action  has  con- 
tributed much  to  the  elucidation  of  the  mechanism  by  which  drugs 
and  other  substances  produce  physiological  effects  in  the  body.  More- 
over,  such  knowledge  has  often  enhanced  the  therapeutic  value  of 
pharmaco-dynamic  agents  and  has  frequently  served  to  avert  effects 
of  an  undesirable  character  in  man  and  domestic  animals.  The  results 
obtained  in  one  species  of  animals  under  a  particular  condition  do  not 
admit,  therefore,  of  universal  application.  Furthermore,  the  nature 
of  the  action  of  a  drug  can  only  be  partly  learned  from  the  manifes- 
tation of  its  acute  effects.  Equally  important,  therefore,  especially  in 
studies  on  toxicity,  are  the  changes  produced  in  chronic  intoxication. 

That  the  acute  effects  of  a  substance  can  hardly  be  considered  a 
correct  estimate  of  its  toxicity  is  shown  by  the  evidence  obtained  in 
experiments  on  tolerance  and  cumulative  action  of  drugs;  for  the 
toxicity  of  a  substance  may  diminish  when  the  substance  is  given 
steadily  for  a  long  time  if  the  body  acquires  tolerance  for  it.  Arsenic, 
morphin,  and  cannabis  indica  may  be  cited  as  illustrations  of  drugs, 
the  toxicity  of  which  decreases  with  repeated  doses,  while  digitalis 
and  lead  show  a  tendency  to  increased  toxicity  when  similarly 
administered.  Moreover  the  acute  and  chronic  effects  are  sometimes 
quaUtatively  different.  According  to  Igersheimer**  the  i^rmptoma 
in  acute  atoxyl  intoxication  are  nausea,  vomiting,  and  diarrhea. 
These  symptoms  are  absent  in  chronic  intoxication,  in  which  trophic 
disturbances  of  the  skin  and  inflammation  of  the  mucous  membranes 
were  the  effects  produced.  That  the  acute  action  of  atoxyl  differs 
from  the  chronic  effects  was  Ukewise  shown  by  experiments  on  ani- 
mals. The  studies  of  von  Anrep  *  on  chronic  atropin  intoxication 
are  of  interest  in  this  connection,  as  he  found  that  after  10  to  16 
injections  of  atropin  there  is  no  manifestation  of  i^rmptoms  such  as 
is  observed  in  acute  intoxication,  while  the  effects  on  the  circulation 
are  also  less  marked,  the  acceleration  of  the  pulse  being  less  than 
after  the  same  dose  in  a  normal  subject  not  accustomed  to  its  use. 
When  the  administration  of  atropin  is  continued  for  a  longer  time 
its  usual  effects  on  the  pulse  disappear  altogether;  there  is,  on  the 
contrary  a  decreased  frequency  of  the  pube.  If  atropin  has  been 
administered  for  from  two  to  three  weeks,  respiration  is  likewise 
affected. 
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HISTOSICAL  BEVIEW  OF  THE  UTERATUBE  Olf  THE  TOXICITT 

OF  CAFFEnr. 

Caffein  was  discovered  in  1820  by  Runge,"  Pelletier,**  and  Robi- 
quet'*  and  was  first  analyzed  by  Dumas  and  Pelletier,^  but  its 
exact  percentage  composition  was  determined  by  PfaflF  and  Liebig, 
^  "  while  to  Herzog  "» •*  belongs  the  credit  of  having  established 
that  it  is  basic.  Strecker  ^  prepared  caflFein  synthetically  by  heating 
theobromin  silver  and  methyl  iodid  in  a  closed  tube  for  24  hours. 
Soon  after  its  discovery  in  coffee  Oudry  ^  reported  the  presence  of 
a  substance  in  tea  which  he  called  "thein."  Its  identity  with  caffein 
was  established  15  years  later  by  Jobst  ^  and  also  by  Mulder.  "»  ^ 
According  to  Brill,"  Mulder  (1838)  was  also  the  first  to  perform 
experiments  with  caffein  on  animals.  After  the  administration  of 
one-half  grain  to  a  pregnant  rabbit  he  observed  loss  of  appetite  and 
kyphosis.  The  rabbit  aborted  but  recovered  from  the  effects  of 
caffein.  It  has  since  been  made  the  subject  of  numerous  investiga- 
tions which  were  carried  out  on  a  variety  of  animals.  Observations 
with  caffein  were  also  made  on  the  human  subject.  About  four 
years  after  Mulder  pubUshed  his  results,  Lehmann  **  (1842)  reported 
experiments  on  a  number  of  people  who  were  given  caffein.  The 
administration  of  from  2  to  10  grains  of  the  alkaloid  was  followed  by 
headache,  palpitation  of  the  heart,  increased  frequency  and  irregu- 
larity of  the  pulse,  tinnitus  amium,  photopsia,  insomnia,  and  even 
deliriiun.  Similar  experiments  reported  by  Frerichs'*  (1846)  indi- 
cate that  in  doses  of  25  grains  it  may  induce  severe  symptoms  about 
15  minutes  after  its  administration.  He  also  observed  circulatory  as 
well  as  nervous  symptoms  and  vomiting. 

According  to  Albers '  (1852),  4.5  grains  of  caffein  citrate  injected 
subcutaneously  into  the  thigh  of  a  rabbit  was  soon  followed  by  dimin- 
ished motion  and  tremors  of  the  operated  thigh.  Other  symptoms 
reported  were  spasms  of  the  facial  muscles,  increased  respiratory 
movements,  and  mental  confusion.  Of  interest  in  this  connection 
are  the  experiments  of  Cogswell^^  (1852)  on  frogs.  He  concluded  that 
in  point  of  destructive  action  on  the  tissues,  caffein  is  far  superior 
to  morphin  and  may  be  compared  to  strychnin  and  coniin,  its  action 
on  the  nervous  system  he  beUeved  to  be  principally  confined  to  the 
effect  on  the  brain  and  spinal  cord. 

Lehmann"  (1853)  observed  increased  frequency  of  heart  action 
after  the  administration  of  4  grains,  which  were  given  with  a  normal 
diet  to  an  adult  man.  When  the  dose  was  doubled  the  frequency  of 
the  pidse  was  still  more  increased,  heart  action  became  stronger,  and 
tremors  and  confusion  of  thought  with  excitement  of  the  imagination 
made  their  appearance.  There  was  also  an  increased  desire  to 
micturate. 
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Stuhlmann  and  Falck  ^  (1857)  were  the  first  to  make  a  study  of 
the  toxicity  of  caffein  on  animals  of  different  species.  The  adminis- 
tration of  0.5  gram  of  caffein  subcutaneously  or  per  rectum  in  rabbits 
induced  tremors,  tonic  and  clonic  convulsions,  paralysis,  and  increased 
frequency  of  respiration  at  first  followed  by  violent  dyspnoea.  On 
autopsy  he  noticed  congestion  of  the  oi^ans  and  in  two  of  the  three 
rabbits  experimented  upon  punctiform  hemorrhages  of  the  brain  with 
congestion  of  the  meninges  were  found.  In  the  other  rabbit  anemia 
of  the  brain  was  observed.  Experiments  on  cats  were  carried  out 
by  subcutaneous,  intravenous,  and  rectal  injections.  The  symptoms 
observed  after  the  administration  of  0.5  fo  0.7  gram  of  caffein  were 
the  same  as  in  rabbits  except  that  the  cats  developed  diarrhea  when 
caffein  was  given  and  no  anatomic  lesions  were  found  on  autopsy. 
The  effect  of  caffein  on  dogs  indicated  that  in  subjects  of  medium 
weight  a  dose  of  0.5  gram  given  by  mouth  might  produce  restlessness 
and  increased  frequency  of  respiration,  while  the  injection  of  the 
same  amount  intravenously  into  such  animals  may  cause  death. 
Large,  full-grown  dogs,  however,  survived  an  intravenous  injection 
of  2  grams  of  caffein,  showing  symptoms  of  incoordination,  salivation, 
and  frequent  defecation.  These  investigators  also  made  observations 
on  caffein,  using  pigeons  and  other  birds;  0.5  to  0.1  gram  introduced 
into  the  stomach  caused  vomiting,  diarrhea,  tonic,  but  more  fre- 
quently clonic,  convulsions,  incoordination,  tremors,  paresis,  and 
paralysis. 

In  a  few,  but  not  in  all  of  the  birds,  there  was  at  first  increased 
frequency  of  respiration  followed  by  dyspnoea  and  circulatory  dis- 
turbances. These  amounts  of  caffein  proved  fatal  in  all  of  the  experi- 
ments on  birds.  Inflammation  of  the  intestinal  mucosa  and  conges- 
tion of  the  meninges  were  the  only  changes  found  on  autopsy. 
Stuhlmann  and  Falck  also  studied  the  effects  of  caffein  on  fishes  and 
toads.  MitscherUch  •^  (1858)  fed  0.4  gram  of  caffein  with  bread  to  a 
rabbit  and  noticed  lowered  temperature,  fatigue,  convulsions,  first 
increased  then  decreased  frequency  of  respiration,  and  on  autopsy 
congestion  of  all  the  viscera.  He  also  reported  observations  on  two 
frogs,  one  of  which  was  given  one-sixteenth  of  a  grain  of  caffein  in  a 
piQ  with  bread..  It  was  administered  to  the  other  frog  in  aqueous 
solution,  but  the  mode  of  administration  was  not  published.  The 
symptoms  observed  were  in  the  main  the  same  as  in  rabbits.  In 
pigeons  0.125  gram  introduced  into  the  stomach  caused  severe  vomit- 
ing, muscular  incoordination,  tonic  rigidity  of  the  limbs,  and  retrac- 
tion of  the  head.  Respiration  was  increased  in  frequency.  Death 
followed  within  3  hours  and  15  minutes. 

From  a  series  of  experiments  on  frogs  which  Hoppe  ••  carried  out 
(1858)  by  applying  one-fourth  of  a  grain  of  caffein  to  the  muscles  of 
the  back,  he  concluded  that  caffein  causes  paralysis  of  the  nerves, 
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spinal  cord,  and  brain;  sensation  being  paralyzed  before  movement. 
The  injurious  action  of  caflfein  proceeds,  according  to  Hoppe,  from 
the  spinal  cord.  This  was  based  on  experiments  on  two  frogs,  Rana 
esculenta,  in  which  the  right  leg  was  amputated,  the  nerve  being  left 
intact,  while  the  nerve  of  the  other  leg  was  ligated.  At  the  end  of 
30  minutes  paralysis  was  more  marked  on  the  right  than  on  the  left 
side.  In  another  frog  of  the  same  species  he  resected  the  femoral 
nerv<»  on  the  right  side;  about  H  hours  after  the  administration  of 
caffein  convulsions  were  observed.  The  left  leg  was  rigid,  but  the 
right  was  relaxed. 

Voit "  (1860)  ligated  the  vessels  of  the  right  lower  extremity,  cut 
the  nerves  of  the  left  leg,  and  introduced  a  few  drops  of  caffein 
solution  into  the  stomach.  Shortly  afterwards  tetanus  of  the  right 
leg  occurred  on  touching  the  back  of  the  animal;  the  left  leg  was 
motionless.  Later  the  entire  body  exhibited  tetanic  convulsions. 
From  this  and  similar  experiments  Voit  concluded  that  caffein  acts 
first  and  principally  on  the  central  nervous  system,  and  that  caffein 
is  also  poisonous  to  nerve  and  muscle  fibers,  as  they  die  when  a  solution 
of  caffein  is  applied  to  them.  The  action  of  caffein,  according  to 
Voit,  is  similar  in  great  part  to  that  of  strychnin.  The  effect  on  the 
blood  vessels  is  particularly  interesting,  as  Voit  observed  dilatation 
of  the  vessels,  due  as  he  thought  to  muscular  paralysis,  and  also  trans- 
udation and  congestion  of  the  capillaries. 

Kurzak**  (1860)  made  a  study  of  the  comparative  toxicity  of 
caffein  in  frogs  and  rabbits  and  came  to  the  conclusion  that  the  lethal 
dpse  for  frogs  is  about  one-seventh  of  that  for  rabbits.  Caffein 
citrate  in  the  form  of  crystals  was  administered  in  both  cases  by 
mouth.  The  doses  given  to  frogs  were  1  to  1.5  grains.  He  observed 
convulsions  and  increased  respiratory  activity  at  first;  after  one  hour 
respiration  diminished  and  voluntary  muscular  activity  disappeared. 
Even  on  the  second  day  convulsions  were  sometimes  noticed.  Death 
occurred  at  the  end  of  the  first  or  second  day.  Experiments  on 
only  two  rabbits  were  reported,  0.8  gram  of  caffein  citrate  causing 
the  death  of  one  at  the  end  of  13  hours.  The  symptoms  noticed  were 
the  same  practically  as  in  frogs,  but  it  is  interesting  to  observe  that 
ecchymosis  of  the  mucous  membranes  of  the  stomach  near  the  cardia 
was  the  only  lesion  found  on  autopsy.  Several  experiments  made 
on  different  days  on  the  other  rabbit  indicated  that  the  toxic 
dose  exceeded  0.5  gram,  while  smaller  doses  caused  but  very  mild 
symptoms. 

According  to  Gentilhomme  "  (1867),  after  caffein  the  reflexes  are  at 
first  diminished  and  then  disappear  altogether.  Death  is  produced 
by  stiffness  and  immobility  of  all  the  muscles,  particularly  of  the 
muscles  of  respiration,  thus  causing  asphyxia.  He  furthermore  held 
that  caffein  has  no  effect  on  cardiac  or  smooth  muscle  fiber,  its  action 
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being  specific  on  voluntary  muscle  fiber,  contractions  of  which  he 
observed  under  the  microscope,  thus  differing  completely  from  strych- 
nin, which  is  a  nerve  poison. 

These  observations  seemed  to  be  confirmed  by  Pratt  '*  (1868),  who 
reported  that  the  isolated  posterior  extremities  and  muscle  fibers  of 
the  toad  placed  in  a  solution  of  caffein  ( 1  grain  to  a  wineglassf ul  of 
water)  for  three  minutes  were  contracted,  while  controls  placed  in 
distilled  water  were  relaxed.  This  experiment  is,  of  course,  defective, 
as  normal  salt  solution  should  have  been  used  in  both  cases.  When 
the  muscular  fibers  previously  immersed  in  caffein  solution  were 
placed  under  the  microscope  violent  contractions  were  observed. 
The  same  author  administered  from  2  to  18  grains  at  a  dose  to  five 
healthy  young  men.  After  the  administration  of  12  grains  he  noticed 
mental  anguish,  tremors  of  the  hands  and  arms,  and  insomnia. 
Doses  under  5  grains  had  no  marked  effect  except  a  diminution  in  the 
frequency  of  the  pulse  and  wakefulness. 

About  the  same  time  Amory*  (1868)  published  the  results  of  his 
studies  on  the  toxicity  of  caffein  in  cats,  dogs,  rabbits,  and  pigeons. 
In  all  cases  very  large  doses  were  introduced  directly  into  the  stomach 
by  means  of  a  temporary  gastric  fistula.  Ten  grains  given  in  meat 
to  a  dog  caused  restlessness,  but  no  other  symptoms.  Doses  of  30 
grains  and  above  were  invariably  fatal.  Seventy-three  grains  given 
to  a  cat  caused  death  within  20  minutes. 

From  observations  on  frogs,  guinea  pigs,  rabbits,  and  on  one  dog, 
Leven"  (1868)  concluded  that  caffein  which  he  gave  in  the  form  of 
the  citrate  in  doses  of  10  mg  to  frogs,  from  150  to  200  mg  to  guinea 
pigs,  and  three  to  four  times  the  latter  amount  to  rabbits,  stimulates 
the  central  nervous  system  and  the  voluntary,  cardiac,  and  smooth 
muscles.  He  found  that  0.9  gram  caffein  was  fatal  for  a  rabbit  when 
injected  subcutaneously,  while  1  gram  of  the  citrate  was  not  toxic 
for  a  dog  of  medium  size.  Caffein  applied  directly  to  muscle  fiber 
causes  tetanus  and  destroys  muscular  contractility,  while  a  nerve 
fiber  similarly  treated  loses  its  irritabihty. 

According  to  Johansen**  (1869),  caffein  acts  directly  on  the  mus- 
cular fiber.  After  the  subcutaneous  injection  of  0.02  gram  of  caffein 
into  frogs,  he  observed  contraction  of  the  muscles  at  the  site  of  injec- 
tion, then  contraction  of  the  anterior  extremities,  and  finally  the 
posterior  extremities  become  rigid  and  extended.  Johansen  observed 
muscular  rigidity  after  caffein,  even  after  curara  was  injected,  or  after 
ligating  the  vessels,  or  cutting  the  nerves  which  supply  the  muscles. 
He  also  observed  that  large  doses  of  caffein  diminish  muscular  irrita- 
bihty. When  cardiac  muscle  was  poisoned  with  caffein,  microscopical 
examination  showed  that  the  striations  disappeared.  Johansen  also 
states  that  reflexes  disappear  after  caffein  poisoning.  He  never 
observed  tetanus  in  frogs,  but  reported  tonic  and  clonic  convulsions  as 
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a  result  of  caffein  poisoning  in  mammals.  Somewhat  different  effects 
of  caffein  in  frogs  were  observed  by  Buchheim  and  Eisenmenger  ^^ 
( 1870) .  After  the  injection  of  2  per  cent  of  the  citrate  the  frogs  soon 
become  inactive.  He  also  observed  muscular  twitching  of  the 
extremities^  which  gradually  increased,  with  rigidity  of  the  muscles 
and  opisthotonos,  while  respiration  became  slow  and  superficial, 
finally  stopping  altogether. 

Aubert*  (1872)  studied  the  toxicity  of  caffein  in  man  and  other 
animals.  After  the  ingestion  of  0.36  gram,  he  observed  dizziness, 
but  doses  of  0.12  and  0.24  gram  were  without  any  apparent  effect. 
On  the  other  hand,  a  dose  of  0.5  gram  of  caffein  was  followed  by 
increased  frequency  of  the  pulse,  which  soon  disappeared.  After  one 
hour  he  noticed  dizziness  and  trembling  of  the  hands,  which  likewise 
passed  away  soon.  The  injection  of  0.16  gram  of  a  2  per  cent  solution 
of  caffein  into  the  jugular  vein  of  a  rabbit  weighing  1,090  grams 
caused  tetanus  and  death  in  two  and  one-half  minutes,  and  0.12  gram 
injected  into  a  rabbit  weighing  980  grams  caused  death  in  one  minute. 
Much  larger  doses  could  be  borne,  however,  when  ^tificial  respiration 
was  resorted  to.  A  dog  which  was  given  3  grams  of  caffein  survived 
when  artificial  respiration  was  performed.  Aubert  reports,  on  the 
other  hand,  a  similar  experiment  with  0.25  gram  of  caffein  which 
terminated  fatally. 

That  caffein  may  give  rise  to  different  effects  in  various  species  of 
animals  was  observed  for  the  first  time  by  Bennett.*  He  studied  its 
action  on  frogs,  mice,  rabbits,  and  cats,  and  attempted  to  determine 
the  minimum  fatal  dose  in  rabbits  and  cats.  He  also  reported  experi- 
ments with  thein.  In  his  first  communication  on  the  subject  he 
states  that  the  administration  of  thein  to  rabbits  first  increased  and 
then  diminished  the  frequency  of  respiration,  while  the  pulse  was 
decreased  in  frequency.  Caffein,  which  he  apparently  thought  was 
different  from  thein,  caused  increased  frequency  of  respiration,  while 
the  pulse  was  markedly  retarded  after  a  preliminary  acceleration. 
He  also  noticed  congestion  of  the  ears,  muscular  incoordination, 
tetanus,  paralysis,  diminished  reflexes,  and  contraction  of  the  pupils. 
Bennett  reported  the  minimum  fatal  dose  of  caffein  for  a  rabbit  weigh- 
ing 3.25  pounds  as  being  5.25-5.5  grains.  The  symptoms  in  cats 
after  the  administration  of  toxic  doses  of  thein  or  of  caffein  were 
great  excitement,  paralysis  alternating  with  convulsions,  and  profuse 
salivation.  The  minimum  fatal  dose  for  a  cat  weigtung  5  pounds 
was,  according  to  Bennett,  6  grains  of  caffein  and  5.5  grains  of  thein. 
Only  one  experiment  on  a  mouse  is  reported;  the  administration  of 
0.1  grain  proved  fatal.  The  symptoms  were  the  same  as  those 
observed  in  cats  and  rabbits  after  the  administration  of  caffein.  The 
experiments  on  frogs  indicate  that  the  symptoms  were  about  the 
same  as  those  previously  described  in  the  case  of  warm-blooded  ani- 
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mals  except  that  the  reflexes  are  abnost  completely  lost  after  the  sub- 
cutaneous injection  of  doses  of  one-sixteenth  to  one-twelfth  of  a  grain. 
The  latter  dose  was  fatal  for  frogs.  It  would  be  of  interest  to  know 
the  comparative  toxicity  of  caffein  to  frogs  and  mammals,  but  unfor- 
tunately the  weights  were  not  reported. 

Schmiedebei^  ^*  (1874)  noticed  that  the  administration  of  20  mg  of 
caffein  to  frogs  weighing  about  45  grams  was  followed,  in  Rana  escu- 
lenta,  in  about  25  minutes,  by  increased  reflexes,  7  minutes  later 
by  tetanus.  Several  attacks  occiUTed,  but  tonic  spasms  were  never 
observed.  On  the  contrary,  when  the  same  amount  of  caffein  was 
given  to  Baiui  temporaria  weighing  45  grams  he  noticed  a  marked 
diminution  of  the  reflexes  and  tonic  rigidity  of  the  muscles  after  23 
minutes;  the  reflexes  were  greatly  increased,  however,  about  24  houjs 
later.  The  frogs  were  imder  observation  for  three  days,  and  although 
symptoms  were  still  present  at  the  end  of  this  time  in  the  subjects  of 
both  species  tetanus  was  never  observed  in  Rana  temporaria. 

Peretti's  ^®  (1875)  studies  on  the  effects  of  caffein  were  confined 
chiefly  to  observations  on  dogs.  He  also  made  observations  on  a 
few  rabbits  and  reported  an  experiment  on  one  cat  to  which  he  admin- 
istered, by  subcutaneous  injection,  0.18  gram  of  caffein  per  kilo  and 
noticed  increased  frequency  in  lachrymation  and  crying.  The  cat 
was  found  dead  the  next  day.  The  subcutaneous  injection  of  a  rabbit 
in  which  artificial  respiration  was  instituted  with  0.36  gram  of  caffein 
per  kilo  proved  fatal  soon  after  the  injection  without  any  manifesta- 
tion of  symptoms.  Small  doses  of  caffein,  0.1  gram,  given  to  a  rabbit 
weighing  3,670  grams,  failed  to  produce  any  visible  effects.  Doses 
under  0.1  gram  per  kilo  likewise  failed  to  induce  any  s^rmptoms  in 
dogs.  When  0.1  gram  of  caffein  per  kilo  was  given  by  mouth  or  sub- 
cutaneously  it  was  followed  by  restlessness,  salivation,  rigidity  of 
hind  legs,  and  vomiting.  In  both  instances  the  dogs  recovered.  The 
symptoms  were  more  severe  when  the  dose  was  increased  to  0.185 
gram  per  kilo,  but  even  in  this  case  the  dbg  recovered.  A  dose  of  0.2 
gram  per  kilo,  however,  proved  fatal. 

Henneguy  *•  (1875)  experimented  on  three  frogs  to  which  he  gave 
0.01  gram  of  caffein  citrate  subcutaneously.  He  observed  mild  stim- 
ulation of  the  nervous  system  and  of  the  muscles,  as  well  as  increased 
cardiac  activity.  Later,  voluntary  movement  and  respiration  disap- 
peared and  sensations  diminished,  but  convulsions  of  the  extremities 
appeared.  Cardiac  activity  was  then  diminished,  the  heart  being 
finally  arrested  in  systole.  Since  the  motor  nerves  retained  theu*  irri- 
tability even  after  the  reflexes  disappeared,  he  concluded  that  the 
loss  of  motion  was  due  to  the  action  of  caffein  on  the  nerve  centers. 

Binz  "  (1878)  reported  experiments  on  dogs  and  also  made  some 
observations  on  man  with  caffein.  The  subcutaneous  injections  of 
0.2  gram  caffein  may  prove  fatal  to  dogs,  although  some  survive  such 
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a  dose.  The  toxic  dose  in  man  varies  from  0.5  to  1.5  grams.  Dis- 
turbance of  the  circulation,  such  as  palpitation  of  the  heart  and  full- 
ness of  pulse,  restlessness,  and  diarrhea  were  the  symptoms  he 
observed. 

Extensive  investigations  on  the  action  of  caffein  were  carried  out 
by  Leblond*®  (1883),  who  studied  its  eflFect  on  the  circulation  in  man 
and  lower  animals,  and  its  toxicity  in  the  lower  animals  alone.  Five 
to  twenty  centigrams  of  caflFein  and  0.06  to  0.25  gram  of  salicylate  of 
soda  were  dissolved  and  injected  into  the  muscles  of  the  thigh  of 
young  guinea  pigs  weighing  a  Uttle  over  300  grains.  In  the  three 
experiments  reported  the  death  of  the  animals  occurred  after  23  min- 
utes, 40  minutes,  and  1  hour  and  20  minutes.  Symptoms  appeared 
in  from  10  to  15  minutes  after  the  injection  of  caffein.  Incoordination 
of  movements,  convulsions,  both  tonic  and  clonic,  opisthotonos, 
tremors,  increased  frequency  of  respu*ation,  ataxia,  paralysis  were 
the  symptoms  observed.  It  is  worthy  of  note  that  the  appearance 
of  paresis  preceded  the  convulsions.  Diminished  sensation  was 
reported  in  one  pig,  but  no  sensory  disturbances  nor  reflexes  had  been 
observed  in  the  other.  Two  rabbits,  one  of  which  received  0.5  and 
the  other  about  0.3  gram  of  caffein  per  kilo  with  equal  parts  of  sali- 
cylate of  soda,  were  injected  subcutaneously  into  the  thigh.  Dimin- 
ished sensation,  paresis  of  the  posterior  extremities,  hyperexcita- 
biUty,  convulsions,  opisthotonos,  dilation  of  the  veins  of  the  ear  were 
observed.  Death  followed  in  1  hour  and  23  minutes  in  one  rabbit 
and  in  3  hours  and  7  minutes  in  the  other. 

Filehne  ^*  (1886)  experimented  with  caffein  on  Rwrya  escvlerUa  and 
Rana  temporaria.  The  subcutaneous  injection  of  7  mg  of  caffein  into 
Rana  esculenta  caused  tetanus,  while  50  mg  given  by  mouth  caused 
tonic  spasms.  He  further  stated  that  the  difference  between  Rana 
esculenta  and  Rana  temporaria  as  regards  the  reaction  to  caffein  was 
one  of  degree  only. 

Amat  *  (1889)  reported  experiments  on  three  guinea  pigs,  in  which 
0.4  to  0.5  gram  per  kUo  injected  subcutaneously  proved  fatal  within 
38  and  44  minutes.  One  guinea  pig  which  received  0.1  gram  of 
caffein  per  kilo  survived.  The  symptoms  observed  in  the  two  fatal 
cases  were  general  muscular  rigidity  and  convulsions. 

Parisot  ^  (1890)  made  a  study  of  the  toxicity  of  caffein  on  different 
species  of  animals.  Unlike  most  of  his  predecessors,  however,  he 
reported,  at  least  in  some  cases,  the  weight  of  the  animals  on  which  he 
worked.  After  the  subcutaneous  and  intramuscular  injections  of 
from  5  to  20  mg  of  caffein  into  Rana  temporaria  weighing  from  14  to  16 
grains,  he  noticed  increased  irritabihty  at  first;  later,  a  loss  of  reflexes, 
inability  to  use  the  muscles,  complete  muscular  rigidity  resembling 
rigor  mortis,  and  also  cessation  of  heart  action.  The  effect  of  caffein 
produced  in  the  green  frog  was   analogous   to   that   observed  in 
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strychnin  poisoning.  Parisot  found,  however,  that  muscular  rigidity 
developed,  although  very  gradually,  also  in  the  green  frog,  but  it  set 
in  much  later  than  in  frogs  of  the  other  species  and  without  super- 
seding the  clonic  convulsions.  According  to  Parisot,  the  muscular 
rigidity  after  caffein  persists  after  the  destruction  of  the  brain  and 
spinal  cord,  thus  showing  that  it  is  not  of  nervous  origin.  He  further 
emphasized  the  difference  in  the  behavior  of  these  two  species  of  frogs 
toward  caffein  by  stating  that  he  never  observed  tetanic  convulsions 
in  the  red  frog.  His  experiments  also  indicate  that  the  green  frog  is 
more  resistant  to  caffein  than  Rana  temporariaf  as  the  same  doses 
which  are  fatal  for  the  latter  were  only  toxic  for  Ba/Mi  eaculenta. 
The  number  of  experiments,  however,  is  too  few  to  justify  a  positive 
conclusion  on  this  point.  Parisot  also  made  some  experiments  on 
turtles.  The  results  he  obtained  show  that  caffein  is  at  least  as  toxic 
for  these  animals  as  for  the  frogs  he  experimented  upon,  0.33  gram 
per  kilo  (carapace  not  included  in  weight)  having  proved  fatal  within 
24  hours.  Two  experiments  on  one  pigeon  were  also  reported  by  the 
same  observer;  two  doses  of  0.06  gram  per  kilo  given  at  an  interval 
of  four  hours  caused  mental  depression  and  muscular  rigidity,  but  the 
pigeon  sm^ved. 

Experiments  with  caffein  on  the  human  subject  made  by  Parisot 
showed  that  man  is  far  more  susceptible  to  this  substance  than  the 
other  animals  he  investigated.  After  the  ingestion  of  0.3  gram  of 
caffein  symptoms  of  intoxication  pointing  to  cerebral  disturbance 
appeared,  which  became  more  marked  when  the  size  of  the  doses  was 
increased. 

It  wiU  be  noticed  that  the  nature  of  the  action  of  caffein,  whether  it 
is  a  nerve  or  a  muscle  poison,  formed  the  subject  of  several  investiga- 
tions. Binz  ^^  (1890)  brought  forward  additional  evidence  in  support 
of  the  view  that  caffein  acts  primarily  on  the  ganglion  cells,  and  not  on 
the  muscle  directly.  This  he  has  shown  by  injecting  0.5  gram  into 
each  of  two  rabbits  after  cutting  the  sciatic  nerve  on  one  side;  in  one 
case  he  also  resected  the  obdurator  and  crural  nerves  on  the  same  side. 
Clonic  spasms  developed  in  both  subjects  soon  after  caffein  was  given, 
but  in  each  rabbit  the  side  operated  upon  remained  paralyzed. 
Baldi  ^  (1891)  studied  the  action  of  caffein  on  Ba/na  esculenta.  After 
injecting  from  4  to  20  mg  tetanus,  such  as  observed  in  strychnin 
poisoning,  was  noticed.  Fr5hner  *•  (1892)  made  observations  on  the 
comparative  toxicity  of  caffein  in  domesticated  animals.  After  the 
administration  of  5  grams  of  caffein  sodium  salicylate  by  mouth  to  a 
dog  weighing  10  kilos,  he  noticed  salivation,  restlessness,  vomiting, 
and  convulsions  as  in  strychnin  poisoning.  Death  occurred  three 
hours  after  the  drug  was  given.  On  autopsy  he  noticed  mild  inflamma- 
tion of  the  mucous  membranes  of  the  stomach  and  intestines  and 
edema  of  the  limgs;  the  heart  was  in  diastole.    A  dose  of  2  grams  of 
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caffein  sodium  salicylate  given  to  the  same  animal  subcutaneously  two 
days  previously  provoked  only  very  slight  symptoms.  The  sub- 
cutaneous injection  of  10  grams  of  the  same  preparation  into  a  pig 
weighing  30  kilos  caused  death  in  two  and  a  half  hours,  with  the  pro- 
duction of  symptoms  of  disturbance  of  the  nervous  system  and  of 
gastrointestinal  irritation.  The  same  dose  per  kilo  of  body  weight 
given  to  a  goat  Ukewise  caused  death  in  two  and  a  half  hours  after  its 
administration.  Exammation  on  autopsy  revealed  inflammation  of 
the  gastrointestinal  tract.  Similar  lesions  were  found  in  a  horse 
killed  by  100  grams  of  cafTein,  in  which  he  also  noticed  hemorrhage 
of  the  mucosa  in  the  fundus  of  the  stomach. 

Gourewitch  *  (1907)  conducted  experiments  with  caffein  on 
rabbits,  pigeons,  and  white  rats.  It  appears  from  his  protocol  that 
single  doses  of  about  0.2  to  0.25  gram  caffein  per  kilo  given  subcuta- 
neously proved  to  be  fatal.  He  states,  however,  that  the  resistance 
to  caffein  was  markedly  diminished,  when  its  administration  was 
repeated  daily,  for  much  smaller  amounts  suflBced  to  cause  death  in 
these  animals.  A  dose  of  120  mg  of  caffein  per  kilo  proved  fatal  after 
the  third  injection.  When  the  dose  was  increased  to  170  mg  per  kilo, 
the  animal  succumbed  to  the  effects  of  caffein  after  the  second  injec- 
tion. His  experiments  on  the  other  animals  do  not  indicate  the 
degree  of  resistance  to  caffein,  since  the  weights  for  some  were  not 
given  while  for  the  others  no  attempt  was  made  to  determine  the 
minimum  toxic  or  fatal  dose. 

Maurel"  (1907)  studied  the  influence  of  different  methods  of 
administration  on  the  toxicity  of  caffein  on  frogs  and  rabbits.  He 
determined  the  minimum  toxic  and  lethal  doses  of  caffein  hydro- 
bromid  which  he  employed  in  1  to  2  per  cent  solutions.  He  concluded 
from  his  experiments  that  the  toxicity  of  caffein  when  given  by 
mouth  is  twice  as  great  for  the  frog  as  for  the  rabbit. 

More  recently  Hale  ^  carried  out  a  number  of  experiments  on  guinea 
pigs  in  which  he  determined  the  toxicity  of  caffein  given  in  the  form 
of  the  citrate  and  made  into  a  pill  with  mucilage  of  acacia  and  arrow- 
root starch.  After  the  pill  was  dried  it  was  fed  to  the  animal,  due 
precaution  being  taken  that  none  of  it  was  lost  during  feeding. 
From  experiments  on  guinea  pigs  which  received  doses  of  0.3  to  0.6 
gram  caffein  citrate,  the  following  data  have  been  reported :  Three 
decigrams  per  kilo  given  to  one  pig  was  not  fatal.  Of  three  pigs 
which  received  0.4  per  kilo,  one  died  and  two  survived.  Exactly 
the  same  results  were  obtained  in  three  others  which  received  0.5  per 
kilo.  Two  guinea  pigs,  which  received  0.55  and  0.6  per  kilo  each, 
died  after  15  and  7  hours,  respectively,  while  another  animal  survived 
a  dose  of  0.45  per  kilo. 

18694^— Bull.  148—12 2 
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Thifl  review  of  the  literature  on  the  toxicity  of  caffein,  although 
bearing  evidence  of  considerable  investigation  and  extending  over 
three-quarters  of  a  century,  is  lai^ely  qualitative  in  character.  It 
appears  from  the  experiments  that  the  main  object  of  the  investiga- 
tions was  to  ascertain  the  nature  of  the  action  of  caflFein,  whether  it 
is  a  muscle  or  a  nerve  poison.  The  comparative  toxicity  in  different 
species  of  animals  by  the  accurate  detenpination  of  the  toxic  and 
fatal  doses  received  but  little  attention.  To  fill  the  gap  in  our 
knowledge  of  the  toxic  effects  of  caffein,  the  present  investigation 
was  undertaken.  This,  it  will  be  seen,  proved  to  be  a  most  laborious 
task,  because  in  the  large  number  of  experiments  careful  observations 
showed  that  individuab  of  the  same  species  varied  considerably  in 
their  reaction  to  the  drug.  Numerous  other  factors,  as  will  be  shown, 
were  also  found  to  play  an  important  part  in  the  determination  of  the 
toxicity  of  caffein. 

ACXTTE  CAFFEnr  nTTOXICATIOV. 

The  object  of  these  experiments  was  to  determine  the  resistance 
to  caffein  in  various  species  of  animals  and  by  various  methods  of 
administration.  Caffein  was  therefore  given  by  mouth  and  injected 
subcutaneously  into  the  peritoneal  cavity,  into  the  muscles,  and  in- 
travenously. As  far  as  could  be  judged  by  appearance,  healthy  ani- 
mals were  selected  for  the  subjects  of  the  experiments,  but  as  it  is 
impossible  to  diagnose  with  any  degree  of  accuracy  the  condition  of 
the  animal  while  it  is  alive,  post  mortem  examinations  were  resorted 
to  in  many  cases  in  which  the  issue  of  the  experiment  was  fatal. 
Since  the  age  of  the  animal  may  modify  toxicity  full  grown,  as  well 
as  young,  animals  were  employed  for  these  experiments;  diet,  race, 
and  season  also  play  an  important  part  in  determining  the  toxicity 
of  a  drug  and  these  factors  were  also  taken  into  accoimt  in  the  present 
investigation. 

EXPERIMENTS  ON  BABBITS. 

Animals  of  different  varieties  were  used  and  were  given  caffein  by  all  of  the  methods 
indicated  in  the  preceding  paragraph.  Some  of  the  rabbits  employed  in  these  experi- 
ments received  oats,  others  received  a  diet  exclusively  of  carrots  for  several  da3rs  or  weeks 
previous  to  the  administration  of  caffein.  The  experiments  were  conducted  at  all  sea- 
sons of  the  year. 

suBcuTAxsorrs  injection. 

From  a  study  of  the  literature  on  the  toxicity  of  caffein  it  seemed  that  about  150  mg 
per  kilo  is  probably  the  lethal  dose  for  the  rabbit  when  the  drug  is  injected  subcuta- 
neously. Preliminary  observations  were  therefore  carried  out  with  such  a  dose,  but 
it  was  found,  on  the  contrary,  that  this  amount  per  kilo  was  hardly  sufficient  to  induce 
symptoms  in  the  great  majority  of  cases. 
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Sbries  a. 
[Doses  of  147  to  167  mg  of  oafldn  per  kilo  were  employed  in  these  experimeiita.] 

Rabbit  SSe.    Belgian  hare,  female.     Weight/ 1,070  grama.    Diet,  oats. 

March  25:  8.5  cc  2  per  cent  caffein  (158  mg  per  kilo)  injected  subcutaneonsly  at 
2.15  p.  m.;  4  p.  m.,  reflexes  increased;  5.45  p.  m.,  increases  of  reflexes  still  more 
marked. 

March  26:  Rabbit  looked  normal;  no  s3niiptom8  observed. 
Rabbit  331.    Belgian  hare,  female.    Weight,  1,170  grams .    Diet,  oats. 

yisach.  25:  2.15  b.  m.,  9  cc  2  per  cent  ca£Pein  (153  mg  per  kilo)  injected  subcutane- 
onsly; 4  p.  m.,  renexes  increased;  5.45  p.  m.,  condition  the  same. 

March  26:  Rabbit  looks  normal;  no  symptoms  observed. 
Rabbit  328.    Belgian  hare,  female.     Weight.  1,200  grams.    Diet,  oats. 

March'25:  9  cc  2  per  cent  caffein  injected  subcutaneonsly  (150  mg  per  kilo);  4  p.  m., 
reflexes  incresised;  5.45  p.  m.,  reflexes  increased  but  not  markedly. 

March  26:  No  symptoms;  rabbit  looks  normal. 
Rabbit  322.    WUte  female.    Weight,  1,065  grams.    Diet,  oats. 

March  17:  8  cc  2  per  cent  caffein  (150  mg  per  kilo)  injected  subcutaneouely  at  11.55 
a.  m.;  12.55  p.  m.,  reflexes  increased^  but  no  tetanus  nor  any  other  symptoms. 

March  18:  Kabbit  running  around  in  cage;  condition  apparently  normal. 

March  25:  Condition  of  rabbit  good. 
Rabbit  217.    WhiU.    Weight,  1,355  grams.    Diet,  oats. 

October  29:  10  cc  2  per  cent  canein  (147  mg  per  kilo)  injected  subcutaneonsly  at 
1.51  p.  m.    5.16  p.  m.,  rabbit  alive;  survived. 
Rabbit  219.    Maltese.    Weight,  1,820  grams.    Diet,  oats. 

October  29:  14  cc  2  per  cent  caffein  injected  subcutaneously  at  1.40  p.  m.  (153  mg 
per  kilo);  5.15,  rabbit  ahve;  survived. 
Rabbit  194.    While  female.    Weight,  1,490  grams.    Diet,  oats. 

October  14:  13  cc  2  per  cent  caffein  (174  mg  per  kilo)  injected  subcutaneously; 
increased  reflexes  and  tremors  were  observed. 

October  15:  Condition  of  rabbit  good;  no  symptoms. 
Rabbit  191.    Broum  male.     Weight,  1,915  grams.    Diet,  oats. 

October  14:  16  cc  2  per  cent  caffein  (167  mg  per  kilo)  injected  subcutaneously; 
reflexes  increased  and  tremors  present. 

October  15:  Condition  of  rabbit  good. 

A  study  of  this  series  shows  that  about  150  mg  of  caffein  per  kilo  caused  increased 
reflexes  within  one  to  two  hours  after  injection.  When  the  dose  was  increased,  as 
in  rabbits  194  and  191,  the  symptoms  were  more  pronounced;  150  mg  per  kilo  may 
be  regarded  as  the  minimum  dose  which  produces  symptoms  of  nervous  irritability 
when  caffein  is  injected  subcutaneously.  Experiments  with  lai^ger  doses  wfere  there- 
fore earned  out  in  <mler  to  determine  the  minimum  fatal  dose. 

Series  B. 

Approximately  0.2  gram  of  caffein  per  kilo  was  employed  in  these  experiments. 
Diet  and  race  as  possible  Victors  which  may  influence  the  toxicity  of  caffein  were 
made  the  subject  of  study  in  these  experiments  which  were  divided  into  two  groups 
as  shown  in  the  table,  page  25. 

Rabbit  95.    Gray  and  white  male.     Weight,  1,478  grams.    Diet,  oats. 

February  27:  11.30  a.  m.,  15  cc  2  per  cent  caffein  (210  mg  per  kilo)  injected  sub- 
cutaneously; 2.20  p.  m.,  no  symptoms,  tremors  observed  when  handled,  but  not 
marked,  reflexes  slightly  increased,  no  muscular  rigidity  nor  any  other  symptoms; 
2.45  p.  m.,  rabbit  sudaenly  became  very  restless,  jumped  off  the  table,  and  had 
convulsions;  3.45  p.  m.,  rabbit  died,  rigor  mortis  set  in  almost  immediately  after 
death. 
RabbU96.    Grc^  and  white  male.    Weight,  1,685  grams.    Diet,  oats. 

February  27:  16  cc  2  per  cent  caffein  (200  mg  per  kilo)  injected  subcutaneously 
at  3.40  p.  m. ;  incrraused  reflexes  observed  about  one  hour  after  caffein  was  injected, 
but  no  otiier  symptoms. 

February  28:  Rabbit  found  dead. 
Rabbit  112.    Black  female.     Weight,  875  grams.    Diet,  oats. 

March  18:  9  cc  2  per  c^it  caffein  (205  mg  per  kilo)  injected  subcutaneously  at 
3  p.  m.;  3.30  p.  m.,  nbbit  became  restless,  reflexes  were  increased,  tremors  were 


Digitized  by 


Google 
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observed,  but  no  other  symptoms;  4.15  p.  m.,  rabbit  had  tremors,  was  handled  but 
this  foiled  to  induce  tetanus,  10  minutes  later  tetanus  of  short  duration  with  recovery 
occurred. 

March  19^:  9  a.  m.,  foimd  dead. 
Rabbit  119.     Yellow  white  female.     Weighty  1,060  grams.    Diet,  oats. 

April  17:  10  cc  2  per  cent  caffein  (188  mg  per  kilo)  injected  subcutaneously  at 
2.10  p.  m. 

April  18:  Rabbit  found  dead. 
Rabbit  195.     White  female.     Weighty  1,S00  grams.    Diet,  carrots,  since  October  7. 

October  14: 13  cc  2  per  cent  caffem  (0.2  gram  per  kilo)  injected  subcutaneously  at 
11.15  a.  m.;  2.25  p.  m.,  rabbit  had  convulsions  and  died.     Note:  Ulceration  of 
rectum  was  noticed. 
Rabbit  £08.    Gray.     Weight,  1,068  grams.    Diet,  carrots,  October  7-15,  inclusive. 

October  15:  10  cc  2  per  cent  canein  injected  subcutaneously  at  11  a.  m.;  1  p.  m., 
increased  reflexes  and  tremors  observed;  3.45  p.  m.,  tremors  were  marked  when 
rabbit  was  handled. 

October  16:  Rabbit  found  dead.    Note:  Looked  poorly  nourished. 
Rabbit  H7.    Belgian  hare,  female.     Weight,  1,295  grams.    Diet,  oats  last  10  days  before 
experiment. 

November  10:  11  a.  m.,  urine  obtained  from  the  bladder  was  acid  to  litmus  and 
did  not  contain  sugar  or  albiunen,  13  cc  2  per  cent  caffein  was  injected  subcutaneouslv; 
1.30  p.  m.,  15  cc  urine  obtained  was  markedly  alkaline  to  litmus  and  reduced  Fen- 
ling's  solution;  2.30  p.  m.,  reduction  of  urine  considerable,  marked  tremors  observed 
but  no  tetanus. 

November  11:  10.30  a.  m.,  95  cc  urine  collected  gave  moderate  reduction  of  Feh- 
ling's  solution,  no  symptoms,  condition  of  rabbit  seemed  to  be  good. 
Rabbit  248.    Belgian  hare,  female.     Weight,  1,S05  grams.    Diet,  oats  the  last  10  days 
before  the  experiment. 

November  10:  11  a.  m.^  urine  markedly  acid  to  litmus,  no  albumen,  no  sugar; 
13  cc  2  per  cent  caffein  injected  subcutaneously^;  1.30  p.  m.,  urine  was  slightly  a&a- 
line  to  litmus,  no  reduction  of  Fehling's  solution;  2  p.  m.,  reflexes  increased;  2.30 
p.  m.,  2  cc  urine  obtained  from  bladder,  sugar  abundant;  4.45  p.  m.,  reflexes  in- 
creased as  before,  but  no  tetanus. 

November  11:  10.30  a.  m.,  urine  collected  showed  slight  reduction  of  Fehling's 
solution;  otherwise  condition  of  rabbit  was  good;  rabbit  did  not  show  any  effects 
of  caffein. 

Rabbit  SS7.    Belgian  hare.     Weight,  1,040  grams.    Diet,  carrots,  March  SI  to  April  6, 
inclusive. 

April  6:  3  p.  m.,  11  cc  2  per  cent  caffein  injected  subcutaneously  in  the  back 
(0.211  per  kilo);  4.30  p.  m.,  reflexes  much  exaggerated. 

April  7:  8.15  a.  m.;  condition  good,  no  sjrmptoms. 
Rabbit  SS6.    Belgian  hare.     Weight,  1,040  gnmis.    Diet,  carrots,  March  SI  to  Apnl  6, 
inclusive. 

April  6:  3  p.  m.,  11  cc  2  per  cent  caffein  injected  subcutaneously  into  tissues  of 
the  back. 

April  7:  8.15  a.  m.,  no  symptoms,  condition  good. 

Although  symptoms  appeared  in  rabbits  of  Group  I  (see  table,  page  25)  about  the 
same  time  after  the  administration  of  caffein  as  in  the  rabbits  of  the  preceding  series 
all  of  them  terminated  fatally  2\  hours  to  24  hours  after  its  administration.  Two 
of  these  rabbits  (Nos.  195  and  208)  were  fed  carrots  for  several  days  before  the  injec- 
tion of  caffein,  the  others  were  fed  oats.  Since  symptoms  and  death  appeared  in 
these  two  rabbits  about  the  same  time  as  in  the  rest  of  this  group  it  may  be  concluded 
that  caffein  is  not  less  toxic  when  carrots  are  fed  than  when  oats  form  the  exclusive 
diet.  But  since  rabbit  No.  208  was  poorly  nourished  and  ulceration  of  the  rectum 
was  observed  in  No.  195  it  is  quite  possible  that  caffein  might  be  less  toxic  in 
normal  rabbits  on  this  diet.  This  was  tested  in  rabbits  Nos.  336  and  337,  both  of 
which  seemed  to  be  free  from  abnormality  and  were  well  nourished.  Since  these 
rabbits  survived  and  manifested  mild  symptoms  only  of  intoxication  it  would  seem 
that  a  carrot  diet  decreases  the  toxicity  of  caffein. 

It  was  suggested,  however,  that  another  factor  might  be  the  cause  of  the  greater 
resistance  to  caffein  in  these  two  rabbits,  namely,  race.  This  was  tested  in  rabbits  247 
and  248,  both  Belgian  hares.    Since  the  toxicity  of  caffein  in  these  two  rabbits  was  the 
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same  as  in  Nos.  336  and  337,  diet  as  a  factor  in  acute  caffein  intoxication  may  be  dis- 
regarded. The  greater  resistance  to  caffein  of  these  four  rabbits  is  in  all  probability 
due,  therefore,  to  a  di£ference  of  race.  This  suggestion  gained  additional  support 
from  the  experiments  of  the  next  series. 

Sbrixs  C. 

The  object  of  these  experiments  was  to  determine  the  minimum  fatal  dose  for  the 
gray  rabbit  and  to  obtain  additional  evidence  as  to  the  toxicity  of  caffein  in  the  several 
varieties  of  rabbits.  Eight  experiments  were  performed,  in  which  from  236  to  252  mg 
per  kilo  were  given.  The  white  rabbits,  three  in  nimiber,  received  250,  242,  and  238 
mg  per  kilo.  All  the  others  (which  were  Belgian  hares)  received  from  236  to  252  mg 
per  kilo.  Two  of  the  white  rabbits  were  fed  carrots  for  one  week  preceding  the  injec- 
tion of  caffdn.  The  other  was  fed  oats.  Three  of  the  Bel^an  hares  were  on  a  diet 
of  oats,  two  were  fed  carrots  the  week  before  the  experiment  with  caffein. 

Rabbit  Hi.     WhiUjemaU.    Weight,  t,0€0  grams.    Diet,  oata, 

April  14:  25  cc  of  2  per  cent  caffein  (250  mg  per  kilo)  in  aqueous  solution  injected 
subcutaneously  in  the  back  at  1.35  p.  m.;  4.30  p.  m.,  tremors,  reflexes  increased, 
condition  otherwise  sood. 

April  16:  9  a.  m.,  foimd  dead  in  cage.    Autopsy:  Liver  deeply  congested;  kidneys 
congested  in  cortex  and  medulla;  stoimich  showed  small  hemorrhagic  areas,  perforating 
ulcers  in  pyloric  portion;  small  intestine  petechiated  on  mucosa;  limgs  and  spleen 
normal. 
Rabbit  £S4'     White,  female.     Weight,  1,660  grama.    Diet,  November  2-9,  carrots. 

November  9:  10.45  a.  m.,  20  cc  2  per  cent  caffein  (242  mg  per  kilo)  administered 
subcutaneously. 

November  10:  9  p.  m.,  found  dead. 
Rabbit  SS5.    Gray  hare,  female.    Weight,  1,170  grams.    Diet,  March  SI  to  April  7, 
carrots. 

April  7:  9.30  a.  m.,  14  cc  2  per  cent  caffein  solution  (240  mg  per  kilo)  injected  sub- 
cutaneously in  the  back;  10.30,  reflexes  much  increased,  rabbit  is  extremely  sensitive. 

April  8:  9  a.  m.,  foimd  dead.    AtUopsy:  Liver  was  congested  and  contained  several 
coccidiosis  nodules;  stomach  distended  with  rather  dry  food  mass*  mucosa  exhibited 
mild  catarrhal  inflammation;  mucosa  of  intestines  also  slightly  inflamed. 
Rabbit  249.    Belgian  hare,  female.     Weight,  1,185  grams.    Diet,  oats. 

November  11:  Urine,  5  cc,  from  bladder  acid  to  litmus,  no  sufi^ar,  no  albumin;  11.50 
a.  m.,  14  cc  2  per  cent  caffein  (236  mg  per  kilo)  administered  subcutaneously;  3.45 
p.  m.,  reflexes  mcr^ued,  hyperesthesia  marked,  but  no  tetanus,  even  when  handled; 
30  cc  urine  collected  at  4  p.  m.,  reduction  of  FehlinR*s  solution  considerable. 

November  12:  10  a.  m.,  8  cc  urine  collected,  reduction  heavy,  only  a  few  cubic 
centimeters  obtained  from  bladder,  did  not  contain  any  sugar,  general  condition  of 
rabbit  good,  no  symptom  of  caffein  intoxication. 
Rabbit  St  1.     YeUow,  female.     Weight,  1,1  S5  grams.    Diet,  oats. 

March  16, 1910:  11.50  a.  m.,  14  cc  2  per  cent  caffein  (246  mg  per  kilo)  injected  sub- 
cutaneously in  ^e  back;  2  p.  m.,  reflexes  increased,  is  very  sensitive,  started  to  run 
when  put  on  floor,  no  handling  except  what  was  required  for  removal  and  return  to 
cafi;e,  feces  soft. 

March  17:  9.30  a.  m.,  condition  good,  rabbit  put  on  floor,  gait  normal,  but  does  not 
care  to  walk. 

March  18:  9  a.  m.,  walks  around  when  put  on  floor,  appetite  good,  condition  seems 
to  be  normal. 

March  25:  11  a.  m.,  rabbit  still  aUve,  condition  good. 
Rabbit  250.    Belgian  hare,  female.     Weight,  1,4S5  grains.    Diet,  oats  at  least  two  days 
before  the  experiment. 

November  11:  11  a.  m.,  urine  obtained  from  bladder  acid  to  litmus,  no  albumin, 
no  sugar;  11.10  a.  m.,  18 cc,  2  per  cent  caffein  (252  mg  per  kilo);  3.45  p.  m.,  reflexes  and 
hypmestheeia,  no  tetanus;  4  p.  m.,  60  cc  urine,  markcKl  reduction  of  Fehling's  solution. 

November  12 :  10  a.  m. ,  condition  of  rabbit  good,  no  s)rmptoms  of  caffein  intoxication. 
80  cc  urine  collected,  su^  considerable,  only  a  few  cubic  centimeters  of  urine  obtained 
from  bladder,  no  reduction  of  Fehling's  solution. 
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Rabbit  SS4.    Belgian  hare,  female.     Weighty  1,270  grams .    Diet,  carrots,  March  SI  to 
April  7, 

Apnl  7:  9.30  a.  m.,  15  cc  2  per  cent  caffein  (240  me  per  kilo)  injected  subcutane- 
ously  in  the  back;  10.30  a.  m.,  reflexes  much  increased,  rabbit  extremely  sensitive. 

April  8:  9  a.  m.,  condition  good,  no  symptoms. 
Rabbit  2SS.     White,  male.     Weight,  1,675  grams.    Diet,  carrots,  November  S  to  9. 

November  9: 10.50  a.  m.,  20  cc  2  per  cent  ca£fein  (238  mg  per  kilo)  injected  subcuta- 
neously,  no  symptoms  observed  until  5  p.  m.,  when  mcrea^  reflexes  and  hypersesthe- 
sia  were  noticed,  but  no  tetanus. 

November  10:  9  a.  m.,  paralysis  of  posterior  extremities;  died  at  1  p.  m. 

Analysis  of  the  results  obtained  in  the  experiments  of  this  series  and  inspection  of 
Table  I,  page  25,  show  that  all  four  of  the  rabbits  which  survived  doses  of  236  to  252  mg 
of  caffein  per  kilo  were  Belgian  hares.  Of  the  four  which  died  one  only  was  a  Belgian 
hare.  The  other  three  were  white  rabbits.  Two  of  these  were  fed  oats;  the  other  two 
received  carrots  during  seven  days  preceding  the  administration  of  caffein.  This  diet 
does  not  seem  to  be  a  factor,  therefore,  in  the  toxicity  of  caffein.  Moreover,  it  may 
be  observed  that  rabbit  No.  122,  which  was  fed  oats,  died  after  receiving  250  mg  per 
kilo,  while  rabbit  No.  250  received  the  same  diet  and  survived  the  same  dose  of  caffein 
per  kilo. 

Experiments  234  and  334  offer  another  illustration  that  the  toxicity  of  caffein  is  not 
dependent  upon  diet,  since  both  rabbits  were  fed  carrots,  but  the  same  dose  of  caffein 
caused  only  symptoms  in  one  while  it  proved  fatal  to  the  other.  It  is  evident,  there- 
fore, that  the  difference  in  resistance  to  caffein  shown  in  these  experiments  is  in  all 
probability  due  to  race,  the  Belgian  hare  being  more  resistant  to  caffein  than  rabbits 
of  other  varieties.  Rabbit  No.  335  seems  to  be  an  exception,  but  the  post-mortem 
examination  showed  the  presence  of  coccidiosis  of  the  liver.  As  will  be  shown  later, 
wherever  this  condition  prevailed  even  smaller  doses  of  caffein  proved  fatal. 

Series  D. 

To  obtain  additional  evidence  regarding  the  resistance  of  the  various  races  of  rabbits 
to  caffein  and  to  ascertain  the  smallest  dose  which  is  surely  &tal  to  the  gray  rabbit  or 
Belgian  hare  was  the  object  of  this  series  of  experiments.  The  diet  in  all  cases  con- 
sisted of  oats,  which  was  given  ad  libitum  excepting  to  rabbit  No.  235,  which  received 
carrots  for  one  week  previous  to  the  injection  of  caffein.  The  doses  administered 
ranged  from  267  to  300  mg  per  kilo  and  were  administered  to  different  varieties  of  adult 
rabbits. 

Rabbit  25S.    Brown  and  black,  male.    Weight,  1,600  grams.    Diet,  oats,  November  9  to  It. 

November  12:  11.30  a.  m.,  urine  from  bladder  acid,  no  albumen,  no  sugar;  11.35 
a.  m.,  22  cc  2  per  cent  caffein  (275  mg  per  kilo)  injected  subcutaneouslv;  11.45  a.  m., 
rabbit  jumped  off  the  table,  had  convulsions,  retraction  of  head  and  opisthotonos, 
general  tremors,  anterior  extremities  stretched  out,  posterior  extremities  almost 
normal,  frequent  twitchings;  died  at  12.15  p.  m. 
Rabbit  252.    Black,  female.     Weight,  1,SS5  grams.    Diet,  oats,  November  9  to  12, 

November  12:  11.30  a.  m.^  18  cc  2  per  cent  caffein  (270  mg  per  kilo)  injected 
subcutaneously.  Urine  ob tamed  from  bladder  before  injection,  acid,  no  albumen, 
no  sugar,  color  normal,  tremors  and  great  excitement  noticed  about  12  noon;  4.30 
p.  m.,  when  handled,  showed  imusual  restlessness  and  excitement  followed  by  con- 
vulsions with  opisthotonos;  occasional  twitching,  condition  bad.  Died  4.35  p.  m. 
Rabbit  $27.     White,  female.     Weight,  820  grams.    Diet,  oats,  Mardi  8  to  16. 

March  16:  11.45  a.  m.,  12  cc  2  per  cent  caffein  (292  mg  per  kilo)  injected  subcu- 
taneously in  the  back;  2  p.  m.,  foimd  d^d,  but  was  still  warm.  Autopsjf:  Hemor- 
rhagic area  at  point  of  injection  into  spinal  muscles;  subcutaneous  abdommal  region 
exhibited  a  lar^  area  of  cheesy  purulent  material;  liver  and  spleen  were  engorged; 
bladder  filled;  intestines  normal. 
Rabbit  340.     White  and  brown  male.     Weight,  1,465  grams.    Diet,  oats. 

March  30:  3.20  p.  m.,  20  cc  of  2  per  cent  caffein  (273  mg  per  kilo)  injected  subcu- 
taneously in  back. 

March  31:  9  a.  m.,  found  dead. 
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Rabbit  S4t.    WhiU  and  bwum.     Weight,  l,4S0gram$.    Diet,  oats. 

March  30:  3.20  p.  m.,  20  cc  2  per  cent  cafifein  (270  mg  per  kilo)  injected  subcu- 
taneoufily  in  back;  4.40  p.  m.,  found  in  dying  condition,  haa  convulsions;  4.45  p.  m., 
dead. 
Rabbit  326,     White,  male.     Weight,  1,645  grams.    Diet,  oats,  March  8  to  16, 

March  16,  1910:  12  noon,  20  cc  2  per  cent  caffein  (243  mg  per  kilo)  injected  subcu 
taneouflly  in  the  back;  2  p.  m.,  tremors  marked,  hypersensitive,  startea  to  run  when 
put  on  floor;  rabbit  was  not  handled  any  more  tnan  was  required  for  his  removal  from 
and  return  to  cage. 

March  17:  9.30  a.  m.,  tremors  still  present  and  marked,  otherwise  general  condition 
good;  no  other  symptoms. 

March  18:  9.30  a.  m.,  no  appetite,  tremors  still  present,  general  condition  i>oor; 
died  about  2  p.  m. 
Rabbit  tS5,    Belgian  hare,  male.     Weight,  1,870  qrams.    Diet,  carrots,  November  2  to  9, 

November  10:  11.05  a.  m.,  25  c^  2  per  cent  canein  (267  mg  per  kilo)  injected  subcu- 
taneously;  reflexes  increased  and  tremors,  but  no  tetanus  observed;  found  dead  next 
morning. 
Rabbit  316.    Belgian  hare,  female.     Weight,  860  grams.    Diet,  oats,  March  8  to  16. 

March  16, 1910:  11.40  a.  m.,  12  cc  2  per  cent  caffein  (267  mg  per  kilo)  injected  sub- 
cutaneously  in  the  back;  2.15  p.  m.,  reflexes  somewhat  increased,  but  not  markedly 
bo;  walked  when  put  on  floor;  gait  clumsy  and  slow;  tremors  of  head  observed;  2.35 
p.  m.,  rabbit  lying  in  his  cage,  posterior  extremities  extended  and  rigid,  anterior 
extremitiee  flexed,  head  retracted;  is  still  breathing;  occasional  spasms  observed. 
Rabbit  died  at  3  p.  m.  Autopsy:  No  lesion  at  point  of  injection  in  dorsal  spinal 
muscles;  liver  ana  spleen  engorged;  intestines  mjected;  other  organs  apparently 
normal. 
Rabbit  395.    Belgian  hare,  male.     Weight,  1,410  grams. 

August  18: 1  p.  m.,  20  cc  2  per  cent  canein  (283  mg  per  kilo)  injected  subcutaneously 
in  the  back;  4  p.  m.,  reflexes  markedly  increased;  op.  m.,  renexee  about  the  same, 
but  no  tetanus. 

August  19,  9.15  a.  m.:  Beflexes  increased  markedly. 

August  21,  weight,  1,215  grams.  Given  275  mg  per  kilo  of  caffein;  no  symptoms 
observed. 

August  23,  found  dead.    Autopsy:  Liver  greatly  engorged;  stomach  fairly  well  dis- 
tended and  mucous  membrane  in  a  slightly  inflammatcnry  condition;  contents  of 
small  intestine  liquid  in  nature,  but  walla  of  same  appeared  normal;  other  oigans 
n<mnal  in  appearance. 
Rabbit  396.    Belgian  hare,  female.     Weighty  1 ,475  grams.    Diet,  oats, 

August  18:  1  p.  m.,  20  cc  2  per  cent  cs&em  (272  mg  per  kilo)  injected  subcutaneously 
in  the  back;  4  p.  m.,  reflexeemcreased  markedly;  5  p.  m.,  reflexes  increased  markedly 
but  BO  tetanus. 

August  15:  10.30  a.  m.,  ibexes  still  increased  very  markedly;  rabbit  jumps  when 
touched. 

August  21:  Weight,  1,245  grams.  Injected  subcutaneously  275  mg  of  caffein  per 
kilo;  reflexes  increased,  posterior  extremities  stiff  over  hour  later. 

August  22:  9  a.  m.,  found  dead.  Autopsy:  Thoracic  organs  normal  in  appearance; 
stomach  distonded  and  mucous  membrane  affected  with  a  catarrhal  inflammation; 
contents  of  stomach  were  covered  with  a  shiny  mucus;  contents  of  small  intestine 
Uauid  in  natiu^  and  bile  stained;  liver  showea  a  coccidial  infestation;  kidneys  and 
spleen  normal  in  appearance. 
Rabbit  397.    Belgian  hare,  male.     Weight,  1,375  grams.    Diet,  oats, 

August  19:  10.30  a.  m.,  20  cc  2  per  cent  caffein  (290  mg  per  kilo)  injected  subcu 
taneously  in  the  back. 

August  22:  9  a.  m.,  foimd  dead.    AtUopsy:  Stomach  distended  with  ingesta; 
mucous  membrane  exhibited  a  catarrhal  inflammation  with  excessive  secretions; 
major  portion  of  intestines  showed  a  condition  similar  to  that  of  stomach,  contents 
ccHiaistmg  mainly  of  a  shiny  mucus;  liver  enlarged;  other  organs  apparently  normal. 
Rabbit  398,  Belaian  hare,  female.     Weight,  1,670  grams.    Diet,  oats. 

Au^t  19:  10.30  a.  m.,  23  cc  2  per  cent  caffein  (293  mg  per  kilo)  injected  subcutane- 
ously in  the  back;  4  p.  m. ,  found  dead.    Autopsy:  Thoracic  organs  seemingly  normal; 
mucous  membrane  of  stomach  exhibited  a  catarrhal  inflammation  generally;  large 
intestines  somewhat  impacted  but  walls  appeared  normal;  other  organs  normal. 
Rabbit  399,  Belgian  hare,  male.     Weight,  1,725  prams.    Diet,  oats, 

August  19: 10.30  a.  m.,  26  cc  2  per  cent  caffein  (300  mg  per  kilo)  injected  subcutane- 
ously in  the  back;  founa  dead  at  4.30  p.  m.    Autopsy:  Lungs  slightly  congested ;  liver 
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engorged  and  friable;  gall  cyst  well  filled;  stomach  exhibited  catarrhal  gastritis;  inje<s 
tion  or  meeenteries  and  intestines;  kidney  showed  marked  cortical  congestion. 

The  results  of  the  experiments  of  this  series  likewise  indicate  that  the  Belgian 
hare  is  more  resistant  to  caffein  than  the  rabbits  of  other  varieties.  Thus,  of  the  four 
gray  rabbits  (Nos.  235, 316, 395,  and  396),  which  received  267  to  283  mg  of  caffein  per 
kilo,  two  died  and  two  lived, a  one  of  which,  396,  showed  the  presence  of  coccidiosis 
of  the  liver.  On  the  other  hand  it  will  be  observed  that  the  black  and  white  rabbits 
which  received  from  270  to  275  mg  of  caffein  per  kilo  all  died  from  the  effects  of  the 
drug;  one  within  1  hour  and  25  minutes  and  another  within  50  hours  after  the  admin- 
istration of  the  cafifein,  while  No.  340  died  in  the  nig^t.  Furthermore  it  will  be  noted 
that  of  the  last  three  rabbits  of  this  series,  which  were  Belgian  hares  and  received 
290,  293,  and  300  mg  of  caffein,  two  died  six  hours  after  the  injection,  while  the  other. 
No.  397,  lived  three  days.  The  minimum  fatal  dose  of  caffein  for  Belgian  hares  is, 
therefore,  about  290  to  300  mg  per  kUa  when  injected  subcutaneously,  which  is  about 
50  per  cent  greater  than  for  rabbits  of  other  varieties. 

Sbhies  E. 

It  was  shown  in  series  A  that  0.15  caffein  per  kUo  caused  symptoms  of  intoxication. 
Before  concluding,  however,  that  thb  is  the  smallest  dose  which  causes  symptoms  of 
poisoning,  a  number  of  experiments  were  performed  with  smaller  doses.  It  was 
found  that  in  the  great*  majority  of  cases  0.1  caffein  per  kilo  may  cause  diuresis, 
but  no  nervous  or  muscular  symptoms.  In  some  rabbits,  however,  even  such  a  dose 
proved  fatal.  Post-mortem  examinations  in  these  cases  showed  the  presence  of 
coccidiosis  of  the  liver,  and  it  will  be  recalled  that  similar  observations  were  made 
before.  It  is  quite  ix)ssible,  therefore,  that  coccidiosis  of  the  liver  is  an  important 
factor  in  decreasing  the  resistance  to  caffein.  Experiment  551  (p.  25)  shows  that 
other  conditions  may  likewise  increase  the  toxicity  of  caffein. 

Rabbit  St5.     WhUe,  female.     Weight,  1,065  grams.    Diet,  oats, 

March  17:  11  a.  m.,  6  cc  2  per  cent  (112  mg  per  kflo)  caffein  injected  subcutaneously 
in  the  back.    About  5  cc  of  urine  squeezed  out  from  bladder  before  injecting  caffein. 

March  17:  1  p.  m.,  hind  le^s  crossed  and  stretched  out,  front  legs  also  extended; 
rabbit  lying  stretched  out  on  her  he\\}r. 

March  17:  5.40  p.  m.,  rabbit  still  alive,  condition  somewhat  improved. 

March  18:  9  a.  m.,  found  dead,  stiff  ana  cold.    Autopsy:  Hemorrhagic  area  at  point 
of  inoculation;  subcutaneous  re^on  of  both  thighs  presented  a  hemorrhagic  infiltra- 
tion of  the  tissues;  liver  contained  lesions  of  coccidiosis;  other  organs  apparently 
normal. 
Eabhit  SSO.    Belgian  hare,  female.     Weight,  9S6  grams;  poorly  nourished. 

March  18:  3.35  p.  m.,  5  cc  2  per  cent  caffein  (107  mg  per  kilo)  injected  into  subcu- 
taneous tissues  in  the  l^k;  5.30  p.  m.,  no  symptoms. 

March  19:  9  a.  m.,  no  symptoms. 

March  25:  Weight,  825  grams. 
Rabbit  St9.    Belgian  hare,  male.     Weight,   775  grams;  poorly  nowrished.    Received 
March  18. 

March  18:  3.30  p.  m.,  4  cc  2  per  cent  caffein  (103  mg  per  kilo)  injected  into  sub- 
cutaneous tissues  m  the  back;  5.30  p.  m.,  no  symptoms. 

March  19:  9  a.  m.,  no  symptoms. 

March  25:  Rabbit  alive  in  good  condition;  weight,  825  grams. 
Rabbit  StO.    Black,  male.     Weight,  1,040  grams.    Diet,  oats, 

March  17:  11  a.  m.,  6  cc  2  per  cent  caffein  (115  mg  per  kOo)  injected  subcutaneously 
in  the  back;  only  a  few  drops  of  urine  obtained  from  bladder  before  injecting  caffein; 
1  p.  m.,  rabbit  very  restless;  ran  away  when  placed  on  floor;  cried  when  touched  with 
a  piece  of  paper;  no  tremors  observed,  but  nut)bit  became  exhausted  and  was  unable 
to  walk;  legs  extended  out;  after  running  for  about  a  minute  dyspnoea  was  very 
marked,  but  rabbit  soon  raised  himself  on  nis  legs;  5.40  p.  m.,  rabbit  up  on  his  legs. 

a  Snrrired  flnt  dote. 
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March  18:  9  a.  m.,  found  dead,  but  still  warm.    Autopsy:  Lungs  studded  with 
small  grayish  white  nodules,  adhesions  to  costal  pleura;  prorably  lesions  of  coccidiosis; 
liver  studded  with  coccidiosis  nodules.    Hemorrhages  at  point  of  inoculation. 
Rabbity  551,    Gray ,  female.     Weight,  January  tS,  1,650  grams.    Diet,  oats;  fed  20  cc  of 
25  per  cent  alcohol  daily  from  Jantuxry  t6Sl, 

January  31:  Weight,  1,450  grams;  10.20  a.  m.,  temperature  101.6°;  10.45.  a.  m., 
temperature  101.6®;  received  7  cc  2  per  cent  caffein  siibcutaneously  into  back;  11.15 
a.  m.y  convulsions  of  short  duration;  raised  himself  on  posterior  legs,  anterior  legs 
wide  apart;  4.10  p.  m.,  looked  normal,  not  hypersensitive;  4.30  p.  m.,  condition 
seemed  to  be  good. 

February  1:  9  a.  m.,  found  dead,  was  alive  at  5.30  p.  m.  of  previous  dav.  Autopsy: 
Lesions  found  involved  thoracic  cavity  mainly;  lungs  were  hepatized.  and  a  nbro 
plastic  exudate  caused  them  to  adhere  to  costal  pleura;  liver  engorged  and  appeared 
fatty;  no  marked  lesions  affecting  digestive  tract,  a  slight  catarrh  of  stomadi  being 
the  only  noticeable  feature;  kidneys  and  spleen  normal. 


Table  1. — SubcuUaneouB  injections  of  caffein — rabbiiz, 

SERIES  A. 


No. 

Wdght. 

Gaflein 
lS2. 

Appeazanoe  of  synip- 
tomain— 

DuiEtionoflife. 

Diet. 

Remarks. 

TM 

GlWKU. 

1,070 
1,170 

laoo 

1,066 
1,356 
1,820 
1,490 
1,016 

163 
160 
160 
147 
163 
174 
167 

1  hoar  46  minutes 

do 

do 

Ihoixr 

Survived. 

Oats 

...do 

...do 

...do 

Do. 
White. 

331 
328 
37? 

do 

do 

do 

?17 

do 

...do 

Do. 

?19 

do 

...do 

Maltese. 

194 

do 

...do 

White. 

Iftl 

do 

...do 

Light  brown. 

SERIES  B,  GROUP  I. 


96 

1,478 
1,586 
876 
1,060 
1,300 
1,068 

210 
200 
206 
188 
200 
188 

2  hours  60  minutes — 
Ihour 

3  hours  10  minutes 

About  18  hours 

Oats 

...do 

White. 
Gray  white. 
Black. 
YeUow  white. 

112 
119 

30  minutes 

do 

do 

...do 

...do 

196 

8  hours  10  minutes 

About  24  hours 

Carrots  .. 
...do 

White. 

TOR 

2  hours 

Gray. 

SERIES  B,  GROUP  H. 


747 

1,296 
1,306 
1,040 
1,046 

200 
200 
211 
211 

2.6  hours 

Survived 

Oats 

..do 

*'"k. 

748 

8  hours 

do 

337 

1.6  hours 

do 

Canots... 
...do 

Do. 

336 

do 

:::::dS:::;;.;::::::::: 

Do. 

SERIES  C. 


177 

2,060 
1,650 
1,170 
1,186 
1,135 
1,436 
1,270 
1,676 

250 
242 
240 
236 
246 
262 
240 
238 

2  hours  65  minutes 

1.5  days 

Oats 

Carrots... 
...do 

Oats 

...do 

...do 

Carrots... 
...do 

White. 

234 

About  24  hours 

do 

Survived 

Do. 

836 
249 

Ihour 

4hours 

2  hours  10  minutes. ... 

4  hours  36  minutes 

Ihour 

Gray  oocddiosis. 

Gray. 

Yellow. 

321 
250 

334 

do 

do 

do 

233 

6  hours  10  minutes 

26  hours 

White. 
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Table  1. — SubctUaneous  injeations  ofcaffdn — tablAu — Continued. 
SERIES  D. 


No. 

Weight 

Caflein 
per 
kilo. 

Appearance  of  eymp- 
tonuin— 

Doratfon  of  Ufe. 

Diet. 

Remarks. 

?-53 

1,600 
1,335 

820 
1,466 
1,460 
1,646 
1,876 

860 
1,410 
1,215 
1,475 
1,245 
1,375 
1,670 
1,725 

275 
270 
292 
273 
270 
243 
267 
267 
283 
276 
272 
275 
290 
293 
300 

10  minntes 

36  minutes 

4  hours  65  minutes. . .. 
2  hours  15  minutes. .. . 
About  18  hours. 

Oats 

...do 

...do 

...do 

Brown  and  black 

?W 

30  mlnotfis. 

Black 

3?7 

White 

340 

White  and  brown 

341 

1  hour  25  minutes. . . 

do 

Do 

3?6 

2  hours 

60  hours 

.do 

White. 

?35 

20  hours 

Carrots... 
Oats 

Do. 

316 
3^5 

2  hours  45  minutes. . . . 

3  hours 

3  hours  20  minutes. . . . 
Survived 

395 

do 

do 

About  2  days 

Oats 

...do 

Do. 

3% 

Do. 

396 

Ihoor 

About  18  hours. 

..do 

Do. 

397 

3  days 

...do 

Do. 

398 

5  5  hours.      .    , 

do 

Do 

399 

6  hours 

.do 

Do. 

SERIES  E. 


3?Jf 

1,065 

936 

776 

1,040 

1,460 

112 
107 
103 
115 
100 

2  hours 

Less  than  22  hours 

Survived 

Oats 

White  female. 

330 

None. 

Gray. 
Gray  male. 
Black  male. 

3?9 

do 

do 

3?0 

2  hours 

46  hours 

Oats 

...do 

551 

3n  minutes 

Less  than  24  hours. . . . 

Gray  female. 

ADlflMTSTRATION'  BT  MOUTH. 

These  experiments  were  carried  out  on  two  varieties  of  rabbits,  the  white  and  the 
gray.  The  diet  consisted  chiefly  of  oats,  but  in  a  few  cases  carrots  formed  the  exclusive 
diet.  Food  and  water  were  given  ad  libitum.  A  2  per  cent  solution  of  caffein  was 
administered  through  a  stomach  tube.  Since  the  resistance  to  most  drugs  is  com- 
monly supposed  to  be  greater  when  given  by  mouth  than  when  administered  by  any 
other  path,  doses  of  175  to  200  mg  per  kilo  were  fed  in  a  series  of  preliminary  experi- 
ments, all  of  which  were  performed  on  gray  rabbits  weighing  from  865  to  1,135  grams, 
and  which  were  fed  carrots  for  several  days  previous  to  the  experiment.  Three  of  the 
rabbits  survived,  two  without  showing  any  symptoms;  in  the  other  case  paralysis  of 
the  posterior  extremities  was  observed  five  hours  after  he  received  cafTein  and  he  was 
found  dead  the  next  morning.  Unfortunately  no  autopsy  was  performed.  The  low 
resistance  to  cafifein  of  this  animal  was  probably  due  to  some  abnormal  condition  which 
developed  about  the  time  of  the  experiment,  since  this  rabbit  received  325  mg  of 
ca£fein  per  kilo  two  weeks  previously  and  increased  reflexes  only  were  observed  as  a 
result  of  this  treatment.  Hence  200  mg  of  ca£fein  per  kilo  can  not  be  considered  the 
toxic  dose  when  fed  by  mouth.  In  the  following  experiments  larger  dosee  were 
therefore  given. 

Series  A. 

RobhH  i4S.    Belgian  hare.     Weighty  1,170  grams.    Diet,  oats. 

November  17:  1.20  p.  m.,  19.5  cc  2  per  cent  caffein  (330  mg  per  kilo)  administered 
by  the  mouth;  4.30  p.  m.,  somewhat  hypersensitive. 

November  19:  No  symptoms;  at  9  a.  m.,  mine  collected,  no  reduction  of  FehHng's 
solution;  rabbit  survived. 
Rabbit  241.     White  male.     Weighty  1,S80  grams.    Diet,  oats. 

November  17:  1.15  p.  m.,  20  cc  2  per  cent  caffein  (290  mg  per  kilo)  administered 
by  the  mouth;  4.30  p.  m.,  some  hyp^Bensitivenees.  but  no  other  symptoms. 

November  18:  9  a.  m.,  urine  collected,  no  reduction  of  Fehung^s  soluticm;  no 
symptoms;  rabbit  survived. 
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Rabbit  U9.    Belgian  hare.     Weight,  890  granu.    Diet,  oat$. 

November  17:  1.30  p.  m.,  14.5  cc  2  per  cent  caffein  (325  mg  per  kilo)  administered; 
4.30  p.  m.,  hypersensitivenees;  no  other  8ym{)tom8. 

November  18:  10  a.  m.,  no  symptoms;  urine  collected,  no  reduction;  rabbit  sur- 
vived. 

Sbribs  B.  • 

The  object  of  these  experiments  was  to  determine  the  minimum  fatal  dose  of  caffein 
in  the  two  varieties  of  rabbits,  the  white  and  the  gray.  All  of  the  animals  selected 
were  approximately  of  the  same  weight. 

Rabbit  2S9,    Belgian  hare,  male.     Weight,  9S5  grams.    Diet,  oats. 

November  19:  4  p.  m.,  17  cc  2  per  cent  casein  (363  mg  per  kilo)  administered  by 
mouth,  followed  by  10  cc  of  0.9  per  cent  salt  solution. 

November  20:  Urine  examined,  no  sugar  found,  no  symptom  noticed  at  any  time 
after  injection. 
Rabbit  t54.    Belgian  hare,  female.     Weight,  975  grams.    Diet,  oats. 

November  19:  4.05  p.  m..  18  cc  2  per  cent  casein  (369  mg  per  kilo)  administered  by 
mouth,  followed  by  10  cc  ot  0.9  per  cent  salt  solution. 

November  20:  9  a.  m.,  rabbit  found  dead. 
Rabbit  267.    WhiU.     Weight,  1,050  grams.    Diet,  oats. 

November  23:  12.10  p.  m.,  18  cc  2  per  cent  caffein  (342  mg  per  kilo)  given  by  mouth, 
followed  by  18  cc  salt  solution;  1  p.  m.,  increased  reflexes,  tremors  marked  but  no  teta- 
nus; 1.05  p.  m.,  rabbit  stretched  on  abdomen,  posterior  extremities  in  extended  position 
and  paralyzed,  soon  after  clonic  spasms  set  in,  which  recurred  about  every  minute; 
1.14  p.  m.,  tetanus  and  death.  Autopsy:  Liver  showed  fatty  degeneration;  slight  in- 
flammation of  stomach  and  intestines;  other  organs  normal. 
Rabbit  tes.     White.     Weight  1,100  grams.    Diet,  oats. 

November  23:  20  cc  2  per  cent  caffein  (363  mg  per  kilo)  administered  by  mouth,  fol- 
lowed by  20  cc  salt  solution;  1.15  p.  m.,  somewhat  hypersensitive;  4.30  p.  m.,  tremors 
fairly  marked,  no  urine  passed,  about  2  cc  of  bloody  looking  urine  obtained  from  blad- 
der, which  contained  aloiunen  and  a  considerable  amoimt  of  glycogen;  rabbit  died. 
Rabbit  419,  Belgian  hare,  male.     Weight,  1,600  grams.    Diet,  oats. 

September  26:  10  a.  m.,  28  cc  2  per  cent  caffein  (350  mg  per  kilo)  given  by  mouth; 
reflexes  increased  at  4  p.  m.;  6  p.  m.,  reflexes  still  increased,  no  other  symptoms. 

September  27: 9  a.  m.,  found  dead.    Autopsy:  Lungs,  liver,  and  kidneys  congested; 
other  organs  normal. 
Rabbit  AtO.    Belgian  hare,  male.     Weight,  1,250  grams.    Diet,  oats. 

September  26:  10  a.  m.,  22  cc  2  per  cent  caffein  (352  mg  per  kilo)  given  by  mouth; 
11 .35  a.  m . ,  convulsions ;  12  noon,  f oimd  dead .    Autopsy:  Liver  showed  very  extensive 
cocddiosis;  no  other  lesions. 
Rabbit  421.    Belgian  hare,  male.     Weight,  1,4S5  grams.    Diet,  oats. 

September  26:  10  a.  m.,  26  cc  2  per  cent  caffein  (351  mg  per  kilo)  administered  by 
mouth;  4  p.  m.,  reflexes  increased;  6  p.  m.,  reflexes  as  before,  no  tetanus  observed. 

September  27:  9  a.  m.,  rabbit  foima  dead.    Autopsy:  Congestion  of  lungs  and  kid- 
iie3rs;  liver  congested  and  slightly  fatty. 
Rabbit  424.     WhiU,  male.     Weight,  1,295  grams.    Diet,  oats. 

September  26:  2  p.  m.,  19  cc  2  per  cent  caffein  (293  mg  per  kilo)  administered  by 
mouui;  4  p.m.,  reflexes  increased,  no  other  symptoms;  6  p.m.,  no  change  since  4  p.  m. 

September  27:  12  noon,  convulsions  and  deatn.    Autopsy:  Congestion  of  the  lungs; 
no  otiier  lesions. 
Rabbit  42S.     WhiU,  male.     Weight,  1,205  grams.    Diet,  oats. 

September  26:  2  p.  m.,  18  cc  2  per  cent  caffein  administered  by  mouth;  4  p.  m., 
reflexes  increased,  no  tetanus;  6  p.  m.,  condition  unchanged  since  4  p.  m. 

September  27:  9  a.  m.,  found  dead.    Autopsy:  Lungs  liver,  and  kidneys  congested; 
other  organs  normal. 
Rabbit  422.     WhiU,  male.     Weight,  1,440  grams.    Diet,  oats. 

September  26:  2  p.  m.,  21  cc  2  per  cent  caffein  (291  mg  per  kilo)  given  by  mouth; 
reflexes  increased  at  4  p.  m. 

September  27:  3  p.  m.,  alive,  no  symptoms;  4  p.  m.,  convulsions  with  recovery,  this 
was  soon  followed  by  a  violent  attack  of  tetanus,  which  lasted  about  one  minute  and 
was  succeeded  by  tmndysisj  rabbit  died  at  4.30.  Autopsy:  Liver  sli^tly  congested; 
a  small  portion  of  the  intestme  showed  congestion  and  edema;  other  organs  normal. 
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A  study  of  these  experiments  shows  also  considerable  variation  in  the  toxicity  of 
caffein  when  given  by  mouth.  In  some  cases  a  dose  of  300  mg  per  kilo,  and  even  less, 
caused  death,  as  in  rabbits  423  and  424.  In  other  rabbits,  however,  approximately  the 
same  doses  of  ca£feui  produced  increased  reflexes  only .  The  same  symptoms  were  pro- 
duced in  Nos.  249  and  24^  after  the  administration  of  325-330  mg  of  caffein  per  kilo, 
while  another  rabbit  (No.  239)  survived  a  dose  of  363  mg  per  kilo.  That  this  is  excep- 
tional, however,  appears  from  the  result  of  the  following  experiments  on  rabbits 
Nos.  419,  420,  and  421,  all  of  which  died  after  receiving  350  mg  of  cafFein  per  kilo,  and 
rabbits  267  and  268,  to  which  doses  of  363  and  342  mg,  respectively,  per  kilo  proved 
fatal.  It  will  be  observed  further  that  the  gray  rabbits  are  more  resistant  to  caffein 
than  the  white  animals,  as  350  mg  per  kilo  was  the  smallest  faXal  dose  for  rabbits  419, 
420,  and  421,  all  of  which  were  gray  rabbits,  while  a  dose  of  290  mg  per  kilo  was  fatal 
for  some  of  the  white  rabbits.  Again,  it  will  be  noticed  that  of  the  two  gray  rabbits, 
Nos.  254  and  239,  which  received  the  largest  doses  in  these  experiments,  namely,  369 
and  363  mg,  respectively,  one  survived.  The  largest  doses  given  to  the  white  rabbits 
were  363  and  342  mg  caffein  per  kilo.  Both  of  these  died  from  the  effects  of  the  drug. 
It  may  be  concluded,  therefore,  that  the  minimum  toxic  dose  for  the  gray  rabbit  ifl 
about  325  mg  of  caffein  per  kilo,  and  the  minimum  fatal  dose  is  at  least  350  mg  per  kilo. 
It  is  to  be  remarked  in  this  connection  that  post-mortem  examination  showed  ex- 
tensive coccidiosis  in  rabbit  420  and  fatty  liver  in  No.  421,  while  the  macroscopical 
examination  of  the  organs  of  Nos.  424  and  423  failed  to  show  the  presence  of  such 
abnormalities.  Since,  as  was  observed  in  the  section  on  subcutaneous  injection  and 
elsewhere  in  this  investigation,  pathological  changes  are  apt  to  decrease  the  resistance 
to  caffein,  it  is  quite  possible  that  350  mg  per  kilo  is  not  the  minimum  fotal  dose  for 
the  normal  rabbit.  Indeed,  the  experiment  on  rabbit  239  lends  support  to  this 
view,  thus  furnishing  additional  evidence  of  difference  in  the  resistance  to  caffein 
in  the  two  varieties  of  rabbits. 

Table  2. — Administration  of  caffein  by  mouth. 

SERIES  A. 


Rab- 
bit 
No. 

Weight. 

Caffein 
per  kilo. 

SymptomB. 

Duration  of  life. 

Diet. 

RemarkB. 

248 

Gronu, 

1,170 

1.380 

890 

Mg. 
330 
290 

-     326 

2  hours  15  minates 

3  hours 

Survived 

Oats.... 
...do.... 
..do 

Gray. 

White  male. 
Gray  male. 

241 
240 

do 

do 

SERIES  B. 


230 

935 
075 
1,060 
1,100 
1,600 
1,250 
1,485 
1.206 
1,206 
1,440 

363 
360 
342 
363 
350 
352 
351 
293 
300 
201 

Survived 

Oats.... 
...do 

Gray  male. 

254 

A  bout  2  days 

Gray  female. 
Wute. 

267 

50  minutes 

1  hour  4  minutes 

...do 

268 

...do 

Do. 

410 

6  hours 

Less  than  24  hours 

2  hours 

...do.... 
...do 

Graymale. 

420 

1  hour  35  minutes 

6  hours 

421 

Less  than  24  hours 

22  hours^ ...  ^  4.  *      .4. 

...do.... 
...do 

Do. 

424 

2  hours 

White  male. 

423 
422 

do 

do 

Less  than  10  hours 

2|  hours 

...do.... 
...do.... 

Do. 
Do. 

INJECTION  INTO  THB  PBRITONBAIi  CATITT. 

In  a  number  of  experiments  caffein  was  introduced  into  the  peritoneal  cavity. 
Rabbits  of  different  varieties  receiving  a  diet  of  oats  or  carrots  were  employed  for  this 
purpose;  food  and  water  were  given  ad  libitum.  The  minimum  doseef  required  to 
induce  symptoms  or  cause  death  in  these  animals  were  determined;  tests  with  caffein 
were  also  made  on  young  rabbits  in  order  to  study  the  influence  of  age  on  the  resistance 
to  this  substance.    The  results  are  shown  in  the  following  experiments: 
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Series  A. 

In  this  series  large  doses  were  administered,  approximating  0.3  gram  per  kilo. 

Rabbit  71.    Gray  female.     Weight,  1,659  grams, 

January  20:  2.20  p.  m.,  25  cc  aqueous  solution  2  per  cent  caffein  (300  mg  per  kilo) 
were  injected  into  me  peritoneal  cavity;  3.46  p.  m.,  when  doors  of  cage  were  opened 
rabbit  had  spasm  of  short  duration. 

January  21:  Rabbit  found  dead. 
Rabbit  72.    Gray  and  white.     Weight,  1,402  grams. 

January  21:  11.17  a.  m.,  20.2  cc  (aqueous  solution)  of  2  per  cent  caffein  (300  mg 
per  kilo)  injected  into  peritoneal  cavity  from  burette;  11.25  a.  m..  paralysis;  11.30 
a.  m.,  rabbit  had  convulsion  when  picked  up  from  the  floor,  followed  by  several 
spasms  later;  11.35  a.  m.,  typical  tetanus;  12.30  noon,  foimd  dead. 
Rabbit  61.    Black  female.     Weight,  2,14S  grams. 

January  19:  40  cc  2  per  cent  caffein,  aqueous  solution  (300  mg  per  kilo),  injected 
into  peritoneal  cavity  from  burette;  tetanus  when  about  30  cc  were  injected;  when 
removed  from  holder,  repeated  and  violent  convulsions,  terminating  in  aeath. 

Series  B. 

The  object  of  these  experiments  was  to  determine  the  minimum  lethal  dose;  0.2  to 
0.15  gram  of  caffein  per  kilo  was  injected  into  the  rabbits  of  this  series. 

Rabbit  69.     White  female.     Weight,  1,714  gram^. 

January  20:  10.15  a.  m.,  6  cc  2  per  cent  caffein,  aqueous  solution,  injected  into 
peritoneal  cavity.  No  symptoms,  under  observation  for  45  minutes,  rabbit  defecated 
rather  copiously;  feces  were  soft;  11  a.  m.,  6  cc  2  per  cent  caffein,  aqueous  solution, 
injected  into  peritoneal  cavity,  no  symptoms,  under  observation  for  40  minutes;  11.40, 
6  cc  2  per  cent  caffein  injected  into  pentoneal  cavity;  11.45,  rabbit  is  restless,  reflexes 
increased. 
Rabbit  70.    Qray  and  white  female.     Weight,  1,4S7  grams. 

January  20:  1.30  p.  m.,  15  cc  2  per  cent  aqueous  solution  of  caffein  (0.2  gram  per 
kilo)  injected  into  tne  peritoneal  cavity;  2.20  p.  m.,  no  symptoms. 

January  30:  About  2  p.  m.  rabbit  died. 

February  1:  Autopsy:  Ciniiosis  of  the  liver;  enteritis  of  small  intestines;  stomach 
and  kidneys  normal. 
Rabbit  9S.     Maltese,  male.     Weight,  1,197  grams. 

March  2:  11.30  a.  m.,  12  cc  of  2  per  cent  caffein  (200  mg  per  Idlo)  injected  into 
peritoneal  cavity:  11.35  a.  m.,  while  being  released  from  holder,  tetanus  occurred, 
repeated  attacks  later,  clonic  convulsions  with  tonic  rigidity  of  posterior  extremities 
during  the  attacks  as  well  as  during  intervals,  anterior  extremities  were  relaxed  during 
the  intervals  between  the  attacks,  opisthotonos  of  cervical  region  but  kyphosis  in 
lumbar  region  were  observed,  no  salivation  nor  dilatation  of  the  pupils;  2  p.  m., 
rabbit  died. 

Rabbit  92.     Yellow  female.     Weight,  1,388  grams. 

February  25,  4.15  p.  m.,  14  cc  2  per  cent  caffein  (0.2  gram  per  kilo)  injected  into 
I>eritoneal  cavity;  4.20  p.  m.,  restlessness  and  increased  reflexes,  rabbit  found  stretched 
out  in  cage,  but  raised  nimself  on  his  Ic^  again:  4.45,  general  tremor  when  touched. 

February  26:  9  a.  m.,  rabbit  found  dead.    Autopsy:  Hemorrhage  into  abdominal 
muscles  at  site  of  injection;  hemoriiiage  also  in  walls  of  stomach  opposite  similar 
spot  in  abdominal  wall. 
Rabbit  309.    Belgian  hare,  female.     Weight,  1,500  grams.    Diet,  oats. 

March  2:  2.05  p.  m.,  2per  cent  caffein  solution  (0.2  gram  per  kilo)  injected  into 
peritoneal  cavity;  2.25  p.  m.,  found  dead,  no  urine  found  in  bladder. 
Rabbit  307.    Belgian  hare,  female.     Weight,  1,320  grams.    Diet,  oats. 

March  2:  12  noon,  urine  obtained  from  bladder,  clear  amber  colored,  no  albumin, 
nojreduction;  12.06  p.  m.,  10  cc  of  2  per  cent  caffein  (0.151  gram  per  kilo)  injected 
into  peritoneal  cavity;  1.30  p.  m.,  rabbit  placed  on  floor,  runs  around  but  anterior  and 
posterior  extremities  soon  extended,  in  tonic  condition;  2.25  p.  m.,  reflexes  increased, 
paralysis  of  extremities,  dyspnoea;  4.50  p.  m.,  about  100  cc  urine  collected,  no 
albumin,  reduction  of  Fehlin^'s  solution  moderate. 

March  3:  9.30  a.  m.,  posterior  extremities  extended  and  rigid,  anterior  extremities 
paralyzed;  respiration  less  frequent  and  deeper  than  normaL  Rabbit  died  at  11.50 
a.  m.;  urine  collected  since  4.50  p.  m.  previous  day  gave  very  heavy  reduction  of 
Fehliiig's  solution.    AtUopsy:  Animal  in  good  condition;  in  the  left  axillary  region 
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was  observed  a  hemorrhage  into  the  subcutaneous  and  muscular  tissue  of  that  region. 
The  ventral  portion  of  the  large  colon,  in  contact  with  the  ventral  abdominal  wall, 
showed  a  hemorrhagic  area  about  one-half  inch  in  length,  such  as  might  be  produced 
by  a  puncture  or  bruise  of  the  colon  through  the  abdominal  wall.  A  small  portion 
of  the  small  intestine  adjacent  to  the  colon  was  affected  in  a  similar  manner.  All 
internal  organs  were  apparently  normal. 
Rabbit  SOS.    Belgian  hare^  female.     Weight,  1,S50  arams.    Diet,  oats. 

March  2:  11.45  a.  m.,  urine  obtained  from  bladder,  no  albimien,  no  reduction; 
11.50  a.  m.,  10  cc  2  per  cent  caffein  (0.15  gram  per  kilo)  injected  into  peritoneal  cav- 
ity: 1.30  p.  m.,  not  very  active,  no  abnormal  symptoms  otherwise;  3.  30  p.  m.,  rabbit 
looked  depressed,  made  very  little  attempt  to  move  about,  remained  in  one  position 
most  of  the  time  when  placed  on  floor;  4.30  p.  m.,  180  cc  lurine  collected,  no  albimien. 
reduction  of  Fehling's  solution  moderate. 

March  3:  9.30  a.  m.,  rabbit  looks  normal,  is  able  to  walk  but  is  easily  fatigued  when 
made  to  walk  about  or  when  placed  on  nis  side,  followed  by  paralysis  of  anterior 
extremities,  posterior  extremities  apparently  normal,  about  90  cc  of  urine  collected 
at  noon  was  free  from  albumen,  did  not  reduce  Fehling's  solution. 

March  4:  11  a.  m.,  lying  on  his  side  in  cage,  anterior  extremities  limp,  posterior 
extremities  extended  and  rigid,  is  in  dying  conaition. 

March  5:  9  a.  m.,  found  dead.  AiUopsy:  Liver  engoi^ed;  spleen  congented,  but 
not  enlaiged;  kidneys,  some  congestion  m  cortex;  stomacn  fiUeKl,  mucosa  thickened 
and  easily  pulled  off;  petechial  hemorrhages  on  serosa  of  colon. 

Series  C. 

The  experiments  of  this  series  were  made  to  determine  the  minimum  toxic  dose. 
Rabbit  295.    Belgian  hme,  female.     Weight,  1,205  grams.    Diet,  carrots. 

March  1: 10.40  a.  m.,  6  cc  2  j)er  cent  caffein  (0.1  gram  |>er  kilo)  injected  into  peri- 
toneal cavity;  about  2  cc  of  urine  obtained  before  injecting  cafiein;  2  p.  m,  100  cc 
urine,  bloody  in  appearance,  collected,  a  moderate  quantity  of  albumen  present,  no 
reduction;  3.40  p.  m.,  no  symptoms. 

March  4:  2  p.  m.,  rabbit  looks  well. 
Rabbit  293.    Belgian  hare,  female.     Weight,  1^605  grams.    Diet,  carrots. 

March  1:  Urine  from  bladder  clear,  alkalme;  11.55  a.  m.,  8  cc  2  per  cent  caffein 
(0.1  gram  per  kilo)  injected  into  peritoneal  cavity;  3  p.  m.,  90  cc  urine  normal  in  color 
collected,  no  albumen,  no  reduction;  3.40  p.  m.,  no  symptoms. 

March  4:  1.15  p.  m.,  rabbit  looks  normal. 
Rabbit  292.    Belgian  hare,  male.     Weight,  1,595  grams    Diet,  carrots. 

March  1:  10.10  a.  m.,  8  cc  2  per  cent  caffein  (0.1  gram  per  kilo)  solution  injected 
into  peritoneal  cavity;  10.40  a.  m.,  rabbit  urinated,  reflexes  increased,  but  no  other 
symptoms;  10.50  a.  m.,  no  urine  obtained  from  bladder;  2  p.  m.,  105  cc  of  clear  pale' 
urine  collected;  no  albumen,  no  reduction;  3.40  p.  m.,  no  symptoms. 

March  4:  2  p.  m.,  rabbit  looks  well,  urine  collected,  did  not  contain  sugar. 
Rabbit  298.    Belgian  hare,  femxde.     WeigfU,  1,205  arams.    Diet,  carrots. 

March  1:  4.06  p.  m.,  7.5  cc  2  per  cent  caffein  solution  (0.125  gram  per  kilo)  injected 
into  peritoneal  cavity,  urine  obtained  from  bladder  immediately  after  injection,  no 
albumen,  no  reduction;  5.30  p.  m.,  reflexes  increased,  rabbit  was  able  to  run  around, 
but  became  paralyzed  soon;  5.40  p.  m.^  rabbit  is  again  able  to  nm  around. 

March  3:  10  a.  m.,  anterior  extremities  paralyzed,  is  able  to  use  posterior  extremi- 
ties. 

March  4:  1  p.  m.,  rabbit  looks  normal. 
Rabbit  223.    Belgian  hare,  male.     Weight,  1,165  grams.    Diet,  carrots. 

March  1:  3.50  p.  m.,  urine  obtained  from  blacUier  clear,  amber  coIcm^,  no  albumen, 
no  sugar;  3.52  p.  m.,  7.5  cc  2  per  cent  caffein  (125  mg  per  kilo)  injected  into  peri- 
toneal cavity;  5.40  p.  m.,  rabbit  makes  little  attempt  to  run  when  put  on  the  floor, 
weakness  of  extremities  marked. 

March  4:  1.15  p.  m.,  rabbit  normal. 

Series  D. 

The  object  of  the  experiments  of  this  series  was  to  study  the  effect  of  age  on  the 
resistance  to  caffein .    Half-grown  rabbits  were,  therefore,  used  in  the  following  experi- 
ments. 
Rabbit  SIO.    Belgian  hare,  female.     Weight,  880  erams.    Diet,  oats. 

March  2:  3.25  p.  m.,  9  cc  2  per  cent  caffein  (0.2  gram  per  kilo)  injected  into  peri- 
toneal cavity. 
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March  3:  9.30  a.  m.,  no  symptoms,  rabbit  looks  normal. 

March  4:  II  a.  m.,  posterior  extremities  abducted,  walked  when  placed  on  the 
floor,  made  no  attempt  to  change  attitude  when  placed  on  its  side,  remained  some 
time  in  this  position. 

March  5:  9  a.  m.,  foimd  dead.    Autopsy:  Liver  showed  areas  of  degeneration; 
kidpeys  congestion  and  petechial  hemcmiage  on  cortex;  small  and  laige  intestines, 
inflammation  marked;  bladder  distended. 
Rabbit  75.    Oray  and  wMU,  female.     Weighty  842  grams. 

January  25:  3  p.  m.,  8.5  cc  2  per  cent  caffein  solution  (0.2  gram  per  kilo)  injected 
into  peritoneal  cavity;  3.15  p.  m.,  anterior  extremities  weak  and  reflexes  mcr^sedl 

January  27:  Rabbit  paralyzed  but  is  able  to  turn  over  when  placed  on  back. 
Rabbit  74*    Gray  and  whiU,  female.     Weighty  S9i  grams. 

Januuy  25:  3  p.  m.,  7  cc  2  per  cent  caflein  (0.2  gram  i>er  kilo)  solution  injected 
into  peritoneal  cavity ;  3 .  15  p .  m . ,  reflexes  increased  and  anterior  extremities  paralyzed . 

January  27:  Rabbit  recovered  and  is  able  to  walk  about  in  the  room. 
Rabbit  Slit 'f^it^se,  female.     Weighty  740  gnma.    Diet,  oats. 

March  3:  11.47  a.  m.,  luine  obtained  from  bladder,  appearance  normal,  no  albumen, 
no  reduction  of  Fehling's  solution j  11.50  a.  m.,  7.5  cc  2  per  cent  caffein  (0.2  gram  per 
kilo)  injected  into  peritoneal  cavity*  2.30  p.  m.  anterior  extremities  pcuralyzed,  pos- 
terior extremities  rigid  and  extended;  5  p.  m.  (about),  rabbit  died. 
Rabbit  Sll.    Belgian  hare,  female.     Weight,  650  grams.    Diet.  oats. 

March  3:  11.26  a.  m.,  urine  obtained  from  bladder  normal  in  appearance,  albumen 
considerable,  reduction  of  Fehling's  solution  none;  11.27  a.  m.,  6  cc  2  per  cent  caffein 
solution  (0.2  gram  per  kilo)  injected  into  peritoneal  cavity-  2.30  p.  m.,  rabbit  seemed 
to  be  normal,  no  sjrmptoms  had  developed;  urine  collected  con  tamed  a  large  amount 
of  sugar,  reduction  was  very  heavy,  but  no  albumen  was  found. 

March  4:  11  a.  m.,  condition  good,  moves  about  when  put  on  floor;  gait,  normal. 
Rabbit  78.     Yellow  and  white.    Weight  659  grams. 

January  26:  1.30  p.  m.,  8.5  cc  2  per  cent  caffein  (250  mg  per  kilo)  injected  into 
peritoneal  cavity,  under  observation  the  rest  of  the  afternoon,  no  symptoms. 

January  27:  4  p.  m.,  no  symptoms  developed. 
Rabbit  317.    Belgian  harey  female.     Weight  6S5  ^rams.    Diet  oats. 

March  15:  10.35  a.  m.,  8  cc  2  per  cent  caffem  (0.  252  gram  per  kilo)  injected  into 
peritoneal  cavity;  12  noon,  marked  abduction  of  hind  legs,  was  unable  to  walk  after 
a  little  exertion,  rabbit  died  between  12.30  and  12.50  p.  m.  Autopsy.  Right  lung 
hepatized  and  showed  adhesions  to  costal  and  mediastinal  pleura;  liver  studded 
with  nodules  of  coccidiosis;  spleen  congested;  stomach  filled,  mucosa  normal j  intes- 
tines injected;  colon  hemorrn^c  on  serosa  in  ventral  region,  near  point  of  injection; 
kidneys  normal. 
Rabbit  StS.     White,  female.     Weight  820  grams.    Diet  oats, 

March  15:  10.45  a.  m.,  10  cc  2  per  cent  caffein  (250  mg  per  kilo)  injected  into  peri- 
toneal cavity;  12  noon,  reflexes  increased,  hind  legs  abaucted  but  is  able  to  walk, 
symptoms  are  mild;  1.40  p.  m.,  ixemote,  weaknen,  and  abduction  of  head  and  legs 
mucn  more  marked  than  at  12  noon. 

March  16:  Condition  good. 

March  17:  Condition  good,  recovery  apparently  complete. 

Since  the  experiments  of  Series  A,  which  were  intended  as  preliminary  tests,  have 
shown  that  0.3  gram  of  caffein  per  kilo  when  introduced  into  the  peritoneal  cavity  is 
rapidly  absorbed  and  is  fatal,  much  smaller  doses  were  employed  in  subsequent 
trials  with  the  drug.  This  is  shown  in  series  B,  which  may  be  divided  into  two 
groups.  Group  I,  consisting  of  rabbits  69,  70,  92,  93,  and  309,  which  received  0.2 
gram  of  caffein  per  kilo,  and  Group  II,  Noe.  307  and  308,  into  which  0.15  gram  of 
caffein  per  kilo  was  injected.  Three  rabbits  of  Group  I  (Nos.  92,  93,  309)  died  from 
the  effects  of  caffein;  rabbit  309  twenty  minutes  after  injection,  and  rabbits  Nos.  92 
and  93,  twenty  hours  and  two  and  one-half  hours,  respectively,  after  the  administration 
of  caffein.  In  both  of  these  rabbits  symptoms  appeared  within  five  minutes  after  the 
injections  were  made.  Rabbits  69  and  70,  it  will  be  noticed,  survived  the  same 
amount  of  caffein  in  proportion  to  body  weight  as  was  given  to  the  other  members  of 
this  group.  Increased-peristalsis  and  the  distribution  of  the  dose  may  account  for  the 
greater  resistance  of  rabbit  No.  69.  The  case  of  rabbit  No.  70  is  evidently  one  of  ex- 
ceptional resistance  to  caffein,  since  both  the  rabbits  of  Group  II  died  from  the  effects 
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of  a  much  smaller  dose,  namely,  0. 15  gram  of  caff ein  per  kilo.  Moreover,  macroscopical 
examination  at  the  autopsy  of  Nos.  307  and  308  failed  to  show  any  lesions  which  might 
tend  to  lessen  the  resistance  to  caff  ein . 

That  a  dose  of  0.15  gram  per  kilo  is  therefore  in  all  probability  the  minimum  fatal 
dose  for  the  rabbit  when  injected  into  the  peritoneal  cavity  appears  from  the  results 
of  the  experiments  in  series  G,  in  which  smaller  doses,  0.125  gram  of  caffein  per  kilo 
caused  mild  symptoms  only,  while  0.1  gram  per  kilo  rarely  induced  any  symptoms. 
It  may  be  remarked  that  the  rabbits  of  series  C  were  fed  carrots  while  rabbits  Nos.  307 
and  308  received  oats.  Their  resistance  to  caffein  may  be  different,  but,  as  was 
pointed  out  in  the  earlier  part  of  this  investigation,  diet  does  not  seem  to  influence  the 
toxicity  of  the  single  dose  of  caffein.  Doses  of  150  and  of  100  to  125  mg  per  kilo,  when 
injected  into  the  peritoneal  cavity,  may  be  considered,  respectively,  as  the  minimum 
fatal  and  minimum  toxic  doses  for  the  gray  rabbit.  Analysis  of  the  experiments  in 
series  D  shows  much  greater  resistance  to  caffein  than  in  the  other  rabbits  which 
received  it  intraperitoneally.  Thus,  after  the  administration  of  0.2  gram  per  kilo  to 
each  of  five  rabbits,  no  effect  was  observed  in  two  cases  (Nos.  310,  311),*  while  in  two 
others  (Nos.  74,  75)  symptoms  developed,  but  they  survived.  Only  one  rabbit,  No. 
312,  died  from  the  effects  of  this  dose;  the  autopsy  showed  the  presence  of  degenera- 
tion of  the  liver  and  petechial  hemorrhages  on  the  cortex  of  the  kidneys  in  the  case  of 
No.  310,  which  was  probably  the  cause  of  death  rather  than  the  caffein. 

Two  decigrams  of  caffein  can  not  be  considered,  therefore,  the  fatal  dose  for  rabbits. 
This  is  further  corroborated  by  the  results  obtained  in  experiments  with  larger  doses. 
Rabbit  78,  which  received  257  mg  per  kilo,  failed  to  show  any  symptoms.  The  same 
amount  in  proportion  to  body  weight  in  No.  323  caused  mild  symptoms  only,  while 
the  rapid  death  of  rabbit  No.  317  after  the  same  dose  of  caffein  may  be  explained  by  the 
lesion  found  at  autopsy,  thus  affording  additional  evidence  that  disease  may  decrease 
the  resistance  to  caffein.  It  will  be  observed  that  all  the  members  of  this  series  were 
young  rabbits  and,  as  will  be  shown  later,  young  animals  of  other  species  are  likewise 
more  resistant  to  caffein  than  adult  animals.  Similar  results  were  obtained  by  von 
Anrep,  who  observed  that  atropin  is  less  toxic  in  yoimg  than  in  full-grown  animals. 

Observations  were  also  made  on  the  diuretic  effect  of  caffein  when  injected  into  the 
peritoneal  cavity.  The  results  shown  in  the  following  table  indicates  the  stimulating 
effect  on  renal  secretion  whether  the  diet  consisted  of  oats  or  of  carrots.  The  urine  of 
some  rabbits  contained  moderate  amounts  of  sugar  after  from  0.2  to  0.15  gram  of  caffein 
per  kilo  was  given;  albumen  was  observed  in  one  case,  but  in  none  of  the  others.  In 
rabbit  No.  311  albumin  was  found  before  the  injection  of  caffein,  but  none  in  the  urine 
which  was  collected  three  hours  after  caffein  was  injected. 

Effect  of  caffein  on  renal  secretion. 


No. 

Weight. 

Caffein 
per  kilo. 

Urine. 

Time. 

Diet. 

307 

Oramt. 
1,320 
1,306 
1,206 

l,e06 
1,596 

Oram. 
0.150 
.150 
.100 

.100 
.100 

oe. 
100 
180 
100 

90 

105 

do 

2  hours  20  min- 
utes. 

3hoiir8. 

4  hours 

Oats. 

308  

Do. 

295 

Carrots. 

ao3 

Do. 

292 

Do. 

NoTE.—The  amount  pf  urine  secreted  in  three  hours  by  control  rabbits,  on  a  carrot  diet,  varied  between 
35  and  50  cc,  the  average  weight  of  the  animals  beinga  little  above  1,600  grams.  The  eeoretion  of  urine 
on  an  oat  diet  was  much  less  ibr  an  equal  period  of  time. 
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Table  3. — Iniraperitonedl  injectums. 
BBRIBS  A. 


No. 

We%ht. 

Caflein 
per  kilo. 

Time  of  appearance  of 

DaraOonoflife. 

Remarks. 

71 

Ormrnt. 
1,659 
3,143 
1,402 

Onm, 
0.3 
.3 
.3 

SSmlnat. 

Gray. 
Black. 

ei 

AttheeDdofiQjectioD.. 
1.25  hour 77. 

72 

ffminutM 

Gray  and  white. 

BERIES  B,  GROUP  I. 


70 

1,487 
1,402 

1,402 
1388 
1,500 

a2 

.2 

.2 
.2 

.2 

10  days 

Gray  and  white. 
Maltese;    given   seoond 

dose  after  3  days,  died 

2.5  hours  later. 
White. 

03 

6  minates 

2.6  hours 

60 

About  5  mlnatis 

5  minates 

02 

24  hours 

YeUow. 

soo 

20  minutes.. 

Belgian;  oats. 

BERIES  B,  GROUP  n. 


SOS 
107 


1,350 
1,320 


0.15 
.15 


8  hours  and  40  minutes. 
1  hour  24  minutes. 


About  2.5  days.. 
24  hours. 


Belgian;  oats. 


BERIES  C. 


223 

1,165 
1,605 
1,205 
1,595 
i;206 

a  125 
.1 
.1 
.1 

.126 

2  hours 

Survived 

Belgian:  carrots. 

Do. 
Do. 
Do. 

203 
295 
292 

298 

1.5  hours 

do 

do 

do 

do 

SERIES  D. 


310 

880 
650 
740 
659 
842 
002 
635 
820 

0.2 
.2 
.2 
.257 
.2 
.2 
.252 
.25 

2daysi 

A^^t2^day8t 

Belgian;  oats. 

311 

312 

40Tninute8.. 

4J5  hoars 

Maltese;  oats. 

78 

15  minutes 

Survived 

Yellow  and  white:  oats. 

75 
74 

do 

do 

do 

do 

Gray  and  white. 

317 

1  hour  25  minutes 

1  hour  15  minutes 

About  2  hoars 

Belgian;  oats. 

823 

Survived 

White;  oats. 

1  Not  due  to  caffein. 


IKTRAMITSCTJI.AR  INJXJCTION'. 


Well-fed  rabbitSy  which  received  a  diet  exclusively  of  oats,  were  used  for  these 
experiments.    The  injections  were  made  into  the  lumbar  or  into  the  gluteal  muscles. 

Sbrieb  a. 

In  this  series  the  caffein  was  injected  into  the  gluteal  muscles. 

Rabbit  t84.    Brown  and  whiter  female.    Weighty  1 ,  100  grams, 

December  14:  2  p.  m.,  11  cc  2  per  cent  caffein  injected  into  the  gluteal  muiscles 
(0.2  gram  per  kilo),  under  observation  until  5  p.  m.,  had  frequent  convulsions;  at 
5  p.  m.  in  a  comatose  condition.    Babbit  was  lound  dead  the  next  morning. 
Rabbit  tSS,  tokite  and  blach^  female.    Weighty  1,S15  grams, 

December  15:  2.30  p.  m.,  13  cc  2  per  cent  caffein  injected  into  the  gluteal  muscles 
(0.1977  gram  per  kilo),  tremors  and  increased  reflexes  observed  during  the  next  two 
houFBy  but  no  other  symptoms. 

December  17:  Rabbit  alive. 

18594<»— BuD.  148—12 3 
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Rabbit  285^  yellow  and  whiUy  female.     Weighty  1,385  grams. 

December  14:  10.15  a.  m.,  14  cc  2  per  cent  caffein  injected  into  the  gluteal  muscles 
(0.2  gram  per  kilo),  general  tremors,  out  no  convulsions  observed.    Babbit  survived. 

December  17:  Kabbit  still  alive. 
Rabbit  287.    Belgian  hare jfermle.     Weight ,  1,140  grrams. 

December  15:  2.15  p.  m.,  11  cc  of  2  percent  caffein  injected  into  the  gluteal  muscles; 
2.30  p.  m.,  tonic  contractions  of  posterior  limbs.    ParalysiB  and  death  at  2.40  p.  m. 

Series  B. 

In  series  B  the  caffein  was  injected  into  the  liunbar  muscles. 

Rabbit  S07.    Belgian  Jiare,  female.    Weight,  1,175  gram^. 

February  16:  11.05  a.  m.,  8  cc  2  per  cent  caffein  injected  (0.136  gram  per  kilo)  into 
the  lumbar  muscles;  under  observation  until  4  p.  m.,  no  symptoms;  4  p.  m.,  allowed 
to  walk  on  the  floor;  after  walking  a  short  distance  loss  of  coordination  and  paralysis 
of  posterior  extremities;  6.20  p.  m.,  found  dead. 
Rabbit  306.    Belgian  hare,  female.     Weight,  1,860  grams. 

February  16:  11  a.  m.,  12.5  cc  2  per  cent  caffein  injected  into  the  lumbar  muscles; 
12  noon,  no  symptoms;  2  p.  m.,  walked  about  10  feet,  exhaustion  and  paralysis; 

3  p.  m.  found  dead. 

RdbbU  181.    Belgian  hare.    Weight,   1,230  grams.    (Was  experimented   on  some 

time  previously.) 

February  16:  10.55  a.  m.,  8  cc  2  per  cent  caffein  injected  into  the  lumbar  muscles; 

(0.130  gram  per  kilo);  12  noon,  no  svmptoms;  2  p.  m.,  no  symptoms;  3  p.  m.,  put  on 

the  floor,  walked  about  10  feet  and  was  exhausted,  posterior  extremities  paralyzed; 

4  p.  m.,  found  dead. 

Series  C. 

In  the  ^1  of  the  same  year  additional  experiments  were  carried  out  with  doses 
ranging  from  100  to  200  milligrams  of  caffein  per  kilo,  which  were  injected  into  the 
lumbar  muscles.    The  results  are  given  in  the  following  abbreviated  protocols: 

Rabbit  425.    Belgian  hare.     Weight  1,520  grams. 

September  27:  10.30  a.  m.,  7.5  cc  2  per  cent  caffein  injected  into  the  lumbar  mus- 
cles; 2  p.  m.,  reflexes  increased. 

September  28:  Babbit  normal. 

October  5:  Weight,  1,620  grams;  2.50  p.  m.,  10  cc  2  per  cent  caffein  injected  into 
lumbar  muscles;  3.05  p.  m.,  reflexes  increased. 

October  13:  Weight,  1,520  grams;  10.30  a.  m.,  10  cc  2  per  cent  caffein  (131  mg  per 
kilo)  injected;  11  a.  m.,  no  symptoms;  11.30  a.  m.,  reflexes  much  increased. 

October  14:  Alive,  no  symptoms. 
Rabbit  426.    Belgian  hare,  female.     Weight,  1,425  grams. 

September  27 :  7  cc  2  per  cent  caffein  injected  into  the  lumbar  muscles  at  10.30  a.  m. ; 
2  p.  m.,  reflexes  increased. 

September  28:  Babbit  normal. 

October  5:  Weight,  1,425  grains;  2.55  p.  m.,  9  cc  2  per  cent  caffein  injected  into  lum- 
bar muscles;  3.05  p.  m.,  reflexes  increased. 

October  13:  Weight,  1,405  grams;  10.30  a.  m.,  10  cc  2  per  cent  caffein  (142  mg  per 
kilo)  injected;  11  a.  m.,  no  symptoms;  11.30  a.  m.,  reflexes  increased. 

October  14:  Rabbit  alive,  no  symptoms. 
Rabbit  427.    Belgian  hare,  female.     WeipM,  1,780  orams. 

September  27:  9  cc  2  per  cent  caffein  injected  into  the  lumbar  muscles;  2  p.  m., 
reflexes  increased. 

September  28:  Babbit  normal. 

October  5:  Weight,  1,  850  grams;  3  p.  m.,  11.5  cc  2  per  cent  caffein  injected  into 
lumbar  muscl^3.10  p.  m.,  reflexes  increased. 

October  13:  Weight,  1,830  grams;  10.40  a.  m.,  14  cc  2  per  cent  caffein  (153  me  per 
kilo)  injected  into  lumbar  muscles;  11  a.  m.,  no  symptoms;  11.30  a.  m.,  reftexes 
increased. 

October  14:  Babbit  alive,  no  symptoms. 
Rabbit  453.    Belgian  hare,  male.     Weight,  1,160  grams. 

October  12:  3.45  p.  m.,  11.5  cc  2  per  cent  cafiein  in  aqueous  solution  injected  into 
lumbar  muscles;  4.15  p.  m.,  reflexes  increased;  4.30  p.  m.,  paralyzed. 
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October  13:  9  a.  m.,  found  dead.    Autopsy:  Gastric  mucosa  hemoiriiagic;  liver 
darkened;  other  organs  normal. 
Babbit  456.    Belgian  hare,  gray ^femdU.     Weight.  1,185  grams. 

October  12:  3.30  p.  m.,  11.5  cc  2  per  cent  canein  injected  into  the  lumbar  muscles; 
4  p.  m.,  reflexes  increased. 

October  13:  Rabbit  weighed  1,070  grams^  no  symptom  of  caffein  poisoning,  reflexes 
normal;  10.30  a.  m.,  10  cc  2  per  cent  caffein  injected  into  the  lumbar  muscles;  11.30 
a.  m.,  jumped  off  the  table,  nad  attack  of  convulsions  and  died.    Autopsy:  Findings 
same  as  in  m.  453. 
Babbit  4^8,    Belgian  hare,  gray,  male.     Weight,  1,660  grams. 

October  5:  4  p.  m.,  14.8  cc  2  per  cent  caffein  (0.18  gram  per  kilo)  injected  into  the 
lumbar  muscles. 

October  6:  Found  dead. 
Babbit  4£9.    Belgian  hare,  male.     Weight,  1,340  grams. 

October  5:  4  p.  m.,  13.5  cc  2  per  cent  caffein  (0.2  gram  per  kilo)  injected  into  lum- 
bar muscles. 

October  8:  Rabbit  found  dead* 

Sbbibs  D. 

Further  experiments  making  injections  into  both  the  lumbar  and  the  gluteal  muscles, 
were  made  in  this  series. 

Babbit  677.    Gray  male.     Weight,  1,380  grams. 

February  14:  3  p.  m.  14  cc  2  per  cent  caffein  injected  into  the  gluteal  muscles  of 
the  right  side;  3.10  p.  m.,  restless,  jumped  off  the  table  and  walked  about,  reflexes 
increased;  3.45  p.  m.,  passed  30  cc  clear,  straw-colored  urine;  4.45  p.  m.,  allowed  to 
walk  about,  ran  across  the  room,  about  20  feet,  looked  tired,  stretched  himself  out  on 
the  floor,  then  raised  himself  and  walked  about  showing  no  disturbance  of  gait. 

February  15:  9  a.  m.,  found  dead. 
Babbit  678.    Oray,femaU.     Weight,  1,670  grams. 

February  14:  3.05  p.  m.,  18  cc  2  per  cent  caffein  solution  injected  into  the  gluteal 
muscles  of  the  right  side;  3.15  reflexes  increased,  but  not  restless;  5  p.  m.,  allowed  to 
walk  about,  no  symptoms  observed. 

February  15:  Found  dead. 
Babbit  679.    White  and  gray,  male.    Weight,  1,490  grams. 

February  14:  3.15  p.  m.,  15  cc  2  per  cent  caffein  solution  injected  into  the  gluteal 
muscles  of  the  right  side,  put  in  cage;  3.30  p.  m.,  reflexes  increased;  5  p.  m.,  taken 
out  of  cage  and  aJlowed  to  walk  across  the  room,  no  special  symptoms  noticed. 

February  23:  Still  alive. 
Babbit  680.    Gray  male.    Weight,  1,610  grams. 

February  14:  3.35  p.  m.,  15  cc  2  per  cent  caffein  solution  injected  into  lumbar 
muscles. 

February  23:  Still  alive,  in  good  condition. 
Babbit  681.    Gray  female.     Weight,  1,680  grams. 

February  14:  3.45  ]^.  m.,  17  cc  2  per  cent  caffein  solution  injected  into  the  lumbar 
muscles  of  the  right  ade;  4  p.  m.,  reflexes  increased;  4.15  p.  m.,  jumped  off  the  table 
and  had  wild  convulsions,  became  very  restless,  walked  about  the  laboratory;  4.25 
p.  m.,  had  convulsions  occasionally;  4.30  p.  m.,  extremities  extended  and  quite  rigid; 
4.35  p.  m.,  convulsions  and  death. 
Babbit  682.    Gray  male.     Weight,  1,870  grams. 

February  14:  4.15  p.  m.,  18  cc  2  per  cent  caffein  solution  injected  into  the  lumbar 
muscles  of  right  side;  5  p.  m.,  reflexes  increased;  walked  about  in  the  room,  then 
rested;  5.15  p.  m..  had  short  spasm  when  handled. 

February  23:  Alive;  good  condition. 

The  data  presented  in  these  experiments  show  that  the  toxicity  of  caffein  when 
injected  into  the  muscles  of  the  lumbar  regions  is  the  same  as  when  injected  into  the 
gluteal  muscles.  The  rabbits  of  series  A  received  approximately  0.2  gram  caffein  per 
kilo  and  two  died  as  a  result  of  this  treatment.  The  other  two  survived  but  symptoms 
of  caffein  intoxication  were  observed. 

In  series  B  smaller  doses  proved  &tal,  from  which  it  would  appear  that  caffein  is 
more  toxic  when  injected  into  the  lumbar  muscles.  Further  observations,  however, 
kiled  to  conoborate  the  results  obtained  in  this  series.    Thus,  in  series  G,  130  to  150 
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mg  of  cfkffein  per  kilo  injected  into  the  lumbar  muscles  produced  mild  symptoms  only. 
Experiments  with  larger  doses  showed  that  0.180  gram  caffein  per  kilo  may  cause 
death.  It  will  be  noticed,  on  the  other  hand,  that  rabbit  No.  455  survived  a  dose  of 
0.2  gram  per  kilo.  New  experiments  were  therefore  carried  out  in  which  the  same 
amounts  of  caffein  in  proportion  to  the  weight  of  the  animals  were  injected  into  the 
lumbar  muscles  as  into  the  gluteal  muscles.  As  shown  in  the  experiments  of  series  D, 
one  rabbit  (No.  581)  died  shortly  after  caffein  was  injected  into  the  lumbar  muscles; 
two  recoveied.  Two  of  the  three  which  received  injections  into  the  gluteal  muscles 
were  found  dead  the  next  day;  one  recovered.  Post-mortem  examination  failed  to 
indicate  the  presence  of  any  abnormalities.  The  rate  of  absorption  of  caffein  from 
the  gluteal  and  from  the  lumbar  muscles  seems  to  be,  therefore,  the  same,  or  not  to 
differ  very  much.  The  observations  of  Auer  and  Meltzer^  are  of  interest  in  this  con- 
nection. According  to  their  investigations  adrenalin  is  more  rapidly  absorbed  from 
the  lumbar  than  from  the  gluteal  muscles.  This  is  in  all  probability  due  to  the  greater 
delicacy  of  the  test  they  employed  (since  they  judged  the  rate  of  absorption  by  the 
effect  of  adrenalin  on  blood  pressure)  as  well  as  to  the  much  greater  activity  of  the 
substance. 

Table  4. — Intramuscular  injections, 

SERIES  A. 


No. 

Weight. 

CUfeln 

^0. 

Symptoms 
after— 

Duration  of  life. 

Site  of  in- 
JecUon. 

Remarks. 

284 

aw 

286 

Oranu. 
1,100 
1,315 
1,385 
1,140 

Cham, 

0.200 

.1977 

.200 

.210 

Shonrs 

Present    . 

Less  than  20  hoars... 

Survived 

.  .do 

Gluteal... 

...do 

...do 

White  and  brown  female. 
White  and  black  female. 
VaIIaw  and  whIW  frnnale. 

287 

25  minutes 

...do 

Gray  female. 

SERIES  B. 


90ff 
BOA 

1,175 
1,860 
1,230 

0.136 
.134 
.130 

Shears 

3  hours 

4  hours 

6  hoars,  20  mlnates... 
4  hours 

Lumbar... 
...do 

Grayfemale. 

181 

5  hours 

...do 

Gray. 

SERIES  C. 


426 

1,520 
1,405 
1,830 
1,160 
1185 
1,660 
1,340 

0.131 
.142 
.153 
.200 
.200 
.180 
.200 

Ihour 

30  minutes — 
50  minutes.... 
30  minutes — 
do 

Lumbar... 

...do 

...do 

...do 

...do 

...do 

...do 

Gray. 
GrayfemalA. 

Graymale. 

Grayfemale. 

Graymale. 

426 
427 
453 
456 
4f8 

do 

do 

Less  than  20  hours. . . 
Survived. 

'" ■-••• 

420 

SERIES  D. 


677 

1,380 

0.200 

678 

1,670 

.210 

670 

1,400 

.200 

580 

1,510 

.200 

681 

1,680 

.200 

582 

1,870 

.192 

10  minutes. 

....do 

15  minutes. 


15  minutes. 
45  minutes. 


Less  than  18  hours. 

....do 

Survived 

do.. 


50  minutes. 
Survived... 


Gluteal.... 

..do 

..do 

Lumbar... 

..do 

..do 


Graymale. 

White  and  gray  male. 
Graymale. 

Do. 

Do. 


Examination  of  Table  4  shows  that  14  rabbits  received  from  180  to  210  mg  caffein 
per  kilo.  The  appearance  of  symptoms  in  these  rabbits  varied  considerably.  In 
some  increased  reflexes  could  be  noticed  in  10  to  15  minutes  after  the  injection  of 
caffein;  in  others  it  was  dela3red  2  or  3  hours.  It  might  be  added  that  the  onset  of 
symptoms  occurred  in  many  cases  very  soon  after  the  administration  of  the  drug- 
on  an  average  about  10  to  30  minutes  after  the  drug  was  injected.    After  smaller 
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doees  were  administered  by  injection  into  the  hunbar  muscles  the  appearance  of 
symptoms  was  delayed  several  hours  in  some  cases.  The  duration  of  life  in  these  14 
rabbits  varied  considerably.  Eight  of  them  died  within  1  to  20  hours;  six  survived. 
About  0.2  gram  caffein  per  kilo  may  be  regarded  as  the  minimum  &tal  dose,  while 
the  minimum  toxic  dose  is  somewhere  between  130  and  150  mg  per  kilo. 

INTRATENOT7S  XNJBCTION. 

These  experiments  were  carried  out  on  well-fed,  full-grown  gray  rabbits.  The  diet 
lor  several  days  preceding  the  experiments  consisted  of  oats  or  cairots,  which  were  given 
ad  libitum.  The  injections  were  made  into  the  ear  veins  from  a  burette  or  by  means 
of  a  syringe,  the  temperature  of  the  caffein  solution  being  about  40^  G.  Attention 
was  also  directed  to  the  effect  of  the  rate  of  injection  and  of  the  concentration  on  the 
toxicity.  The  minimum  toxic  as  well  as  lethal  doses  were  determined  as  shown  in 
the  following  experiments. 

Series  A. 

In  these  experiments  the  rate  of  injection  was  about  1  cc  of  2  per  cent  caffein  solution 
per  minute. 
Rabbit  194.     WhiU,  female.     Weight,  1,310  arams. 

October  19:  Injected  7.5  cc  2  per  cent  solution  caffein  (115  mg  i)er  kilo)  into  the  ear 
vein.    Rabbit  showed  stiffness;  paralysis  of  extremities  appeared  soon  after .»    Rabbit 
survived. 
Rabbit  556.    Gray,  female.     Weight,  1,635  grams. 

January  31:  2  p.  m.,  11  cc  2  per  cent  caffein  (134  mg  per  kilo^  injected  into  ear  vein, 
in  about  11  minutes;  2.10  p.  m.,  convulsions^  rabbit  remained  lyii^B:  on  its  side;  during 
the  rest  of  the  hour  it  had  convulsions  occasionallv;  3.20  p.  m.,  convulsions  and  died. 
IUJi>bit  did  not  urinate  after  the  injection  of  caffein. 
Rabbit  667,    Gray,  female.     Weight,  1,680  grams. 

January  31:  2.30  to  2.37  p.  m.,  7  cc  2  per  cent  caffein  injected  from  the  burette  at 
the  rate  of  1  ccper  minute;  2.37  p.  m.,  ffow  of  liquid  ceased,  veins  were  engorged  and 
bled  freely,  injection  was  continued  by  means  of  a  syringe;  2  cc  2  per  cent  caffein 
injected  in  two  minutes;  injections  discontinued  as  convulsions  appeared;  2.50  p.  m.. 
rabbit  raised  itself  but  fell  over;  3.10  p.  m.^  rabbit  assumed  normal  attitude,  walked 
about  the  floor  without  manifesting  any  signs  of  the  effects  of  caffein;  4.30  p.  m., 
miked  about,  eait  normal,  condition  seemed  to  be  good. 

February  1 :  2  p.m.,  condition  good,  appetite  good,  total  amount  of  caffein  injected, 
9  cc  2  per  cent  solution,  or  114  mg  per  kilo. 
Rabbit  668.    Gray,  female.     Weight,  1,690  grams. 

January  31:  3  p.  m.,  given  8  cc  2  per  cent  caffein  in  eight  minutes;  3.10  p.  m., 
violent  convulsions;  3.20  p.  m.,  rabbit  was  stretched  out  on  nis  abdomen,  extrenuties 
extended,  urinated;  4.30  p.  m.^  looked  normal;  was  able  to  walk  about. 

February  1:  2  p.  m.,  condition  good,  appetite  good. 
Rabbit  29£.    Belgian  hare,  male.    WeigM,  1,770  grams. 

Februiury  18:  4.26  to  4.39  p.  m.,  12.5  cc  warm  caffein  solution  (0.141  gram  per  kilo) 
injected  into  ear  vein,  convulsion  followed  when  this  quantity  was  injected,  tonic 
rigidity  of  limbs  followed  soon  after;  4.52  p.  m.,  condition  unchanged,  rabbit  on  floor, 
limba  stretched  out,  and  lying  on  abdomen. 

Rabbit  294-    Belgian  hare,  female.    Weight,  1,360  grams.    Carrot  diet  for  about  10  days 
before  the  experiment. 

Febnuury  19:  12.20  p.  m..  5  cc  2  per  cent  caffein  (74  mg  per  kilo)  injected  into 
ear  vein  in  five  minutes,  edema  of  the  ear,  other  ear  iised.  3.5  cc  injected  in  10  min- 
utes, repeated  convulsions;  1-25  p.  m.,  rabbit  still  alive,  sequent  attacks  of  convul- 
sions; 2.30  p.  m.,  found  dead.  Total  amount  injected  in  15  minutes,  8.5  cc,  or  0.120 
gram  per  kuo. 

It  will  be  observed  in  the  preceding  experiments  that  symptoms  of  severe  intoxi* 
cation  were  present  in  all  of  the  six  rabbits,  but  only  two  of  these  (Noe.  294  and  556) 
died  from  the  effec^  of  caffein.    Of  those  which  survived,  three  received  doses  of 
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100  to  114  mg  ca£feiii  per  kilo,  and  another  (No.  292)  received  141  mg  o!  ca£fein  per 
kilo.  The  death  of  rabbits  Nos.  294  and  556  may  be  regarded  therefore  as  a  case  of 
exceptionally  low  resistance  to  caffein. 

Series  B. 

Doses  of  160  to  200  mg  caffein  per  kilo  were  employed  in  these  experiments.    The 
rate  of  injection  was  1  cc  per  minute,  with  the  exception  of  Experiment  254,  in 
which  10.8  cc  2  per  cent  caffein  were  introduced  in  17  minutes  and  25  seconds. 
Rabbit  562.    Gray  female.    Weight,  1,650  grams.    Diet,  oats, 

February  1:  Injection  began  at  3  p.  m.,  injected  10  cc  in  12  minutes;  3.01  p.  m. 
to  3.09  p.  m.,  3  cc  injected,  convulsions;  3.09  p.  m.  to  3.14  p.  m.,  3  cc  injected,  fol- 
lowed \>y  violent  convuledons,  marked  opisthotonos;  4.30  p.  m.,  rabbit  died;  total 
quantity  injected,  16  cc. 
Rabbit  661,    Gray  female.    Weight,  1,450  grams.    Diet,  oats, 

February  1:  Injection  began  at  11.40  a.  m.;  11.48,  rabbit  struggled,  7  cc  2  per  cent 
caffein  injected;  11.50,  convuledons,  10  cc  2  per  cent  caffein  total  amount  injected; 
11.55  a.  m.,  injections  stopped;  injections  resimied  11.58,  violent  convulsions,  injec- 
tions discontinued,  total  quantity  received,  14.5  cc  2  per  cent  caffein  solution;  1.30 
p.  m.,  found  dead,  did  not  urinate,  25  cc  urine  foimd  in  the  bladder. 
Rabbit  560,    Gray  male.    Weight,  1,6S0  gram».    Diet,  oats, 

February  1:  Injection  be^n  11  a.  m.;  11.10  a.  m.,  7  cc  2  per  cent  caffein  injected, 
rabbit  struggled;  1  cc  was  mjected  during  the  next  three  minutes,  rabbit  stnigglea 
but  there  were  no  convulsions,  injection  stopped;  resumed  at  11.15  a.  m.  and 
continued  10  minutes,  8  cc  2  per  cent  caffein  introduced  during  this  time;  total 
amount  caffein  injected,  16  cc;  reflexes  markedly  increased;  12  noon,  tetanic  con- 
vulsions off  and  on  until  2  p.  m.,  then  remained  stretched  out  on  abdomen,  extremi- 
ties extended. 

February  2:  9  a.  m.,  found  dead. 
Rabbit  559,    Gray  female.    Weight,  1,875  grams.    Diet,  oats, 

January  31:  4  p.  m.,  convulsions  after  injection  oi  9  cc  2  per  cent  caffein  in  14 
minutes;  4.08  p.  m.,  convulsions  after  injection  of  7  cc  caffein  in  8  minues;  4.10  to 
4.12  p.  m.,  injected  2  cc  more,  rabbit  lying  stretched  out  on  abdomen,  extremities 
extended;  total  amount  of  caffein  injected,  18  cc  Q90  mg  per  kilo). 

February  1:  2  p.  m.,  condition  good,  walked  about,  appetite  good,  passed  155  cc 
dark,  redcush-brown  urine  since  5.2^  p.  m.  previous  day. 
Rabbit  t79.    Gray  and  white  female.    Weight,  1,320  grams, 

February  24:  10.09  a.  m.,  6  cc  2  per  cent  caffein  passed  rapidly  into  jugular  vein; 
10.15  a.  m.,  involimtary  twitching  of  muscles  of  legs,  but  no  other  symptoms;  10.23 
to  10.26,  3  cc  of  2  per  cent  caffem  injected;  10.27  to  10.28,  2  cc  2  per  cent  caffein 
injected,  convulsions;  10.29,  convulsions  stopped;  10.32,  convulsions;  11  a.  m.,  rab- 
bit lyin^  on  its  side,  anterior  extremities  paralyzed,  posterior  extremities  contracted, 
no  clonic  convulsions,  breathed  deeper  and  more  slowly  than  normal;  11.10  a.  m., 
rabbit  died,  had  no  convulsions  immediately  before  death;  amount  of  caffein  injected, 
11  cc  2  per  cent  solution,  or  0.166  gram  per  kilo. 
Rabbit  t54-    Belgian  hare,  female.    Weighty  1,285  grams.    Diet,  oats, 

November  12:  1.30^  to  1.47}  p.  m.,  received  10.8  cc  2  per  cent  caffein  from  burette 
into  ear  vein,  after  injection  of  6.2  cc  dyspnoea,  6.7  cc  struggling,  convulsions;  at 
1.50}  p.  m.,  released  from  holder,  paralysiB  especially  marked  in  the  anterior  extremi- 
ties; 1.50  p.  m.,  recovered,  survived;  total  amount  injected,  10.8  cc  2  per  cent 
caffein  in  17  minutes  and  25  seconds,  or  0.16  gram  caffein  per  kilo. 
Rabbit  255,    Belgian  hare,  male.    Weight,  1,105  grams.    Diet,  oats, 

November  12:  2.31}  to  2.35}  p.  m.,  received  3.7  cc;  from  2.37}  to  2.461  p.  m.,  5  cc 
injected;  after  injection  of  6.1  cc  convulsions  followed  by  dyspnoea,  then  contin- 
uous struggling;  when  8.3  cc  were  injected  rabbit  had  another  convulsion;  2.47  p.  m.. 
tonic  contraction  of  anterior  extremities;  amount  injected,  8.7  cc  (158  mg  per  kilo) 
in  15  minutes  and  35  seconds. 
Rabbit  567,    Gray  female.    Diet,  oats. 

February  6:  Injection  began  at  4.11  p.  m.;  4.18,  convulsions  after  injection  of 
5  cc  2  per  cent  caffein;  4.21,  convulsion  loter  total  injection  of  8  qg;  4.24  p.  m.,  injec- 
tion resumed  and  2  cc  more  introduced;  4.28  p.  m.,  convuledons,  injectea  2  cc  moro; 
total  caffein  injected,  12  cc,  or  162  mg  per  kilo;  4.40  p.  m.,  rabbit  paralyzed  in  pos- 
terior extremities;  5  p.  m.,  found  dead. 
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In  the  eight  experiments  comprifiing  series  B  rabbits  Nos.  567,  254,  279,  and  255, 
which  may  be  designated  as  Group  II,  received  doses  of  162,  160,  166,  and  158  mg, 
respectively.  Nos.  562,  561,  560,  and  559,  which  may  be  designated  as  Group  I, 
received  about  200  mg  caffein  per  kilo.  In  Group  II,  which  received  the  smaller 
doees,  one  (No.  254)  survived.  This  may  be  regarded  as  exceptional,  since,  as  was 
shown  in  the  exi>erimentB  of  the  preceding  series,  even  smaller  doses  may  be  htsA. 
About  160  mg  per  kilo  is,  therefore,  the  smallest  surely  fatal  dose.  This  might  be 
regarded  as  a  contradiction  of  the  results  obtained  for  rabbit  No.  559,  but  it  will  be 
noticed  that  in  this  case  diuresiB  was  very  marked.  The  results  of  experiments 
Nos.  294  and  255  are  of  interest  in  this  connection,  since  they  indicate  that  a  moderate 
difference  in  the  rate  of  injection  is  without  any  effect  on  the  toxicity  of  caffein. 
The  greater  resistance  to  caffein  of  rabbit  No.  559  is  in  all  probability  due,  therefore, 
to  increased  diuresid. 

Series  C. 

In  these  experiments  the  minimum'  toxic  dose  was  determined.  The  conditions 
were  the  same  as  in  the  experiments  of  the  other  series. 

Rabbit  29S.    Belgian  hare,  female.     Weight,  IfilO  grams.    Diet,  oats, 

February  18:  3.40  to  3.43  p.  m.,  4  cc  2  per  cent  warm  caffein  solution  injected  into 
ear  vein,  convulsions  when  3  cc  were  injected,  repeated  attacks;  4  p.  m.,  raised  itself 
on  legs,  but  fell  over  immediately  and  iay  stretched  on  abdomen. 

February  19:  9  a.  m.,  rabbit  looked  normal,  apparently  recovered. 
Rabbit  227,     WkUe  male.     Weight,  2,320  grams. 

October  26:  3.29J  to  3.37J  p.  m.,  injected  into  ear  from  burette  6.7  cc  2  per  cent 
caffein,  no  symptoms;  expenment  discontinued;  survived. 
Rabbit  563.    Gray  female.     Weight,  1,650  grams.    Diet,  oats. 

February  6:  Injection  began  at  1.02  p.  m.,  injected  3.5  cc  2  per  cent  caffein  (42  mg 
per  kilo)  in  four  minutes,  0.6  cc  more  within  the  next  two  and  one-half  minutes,  total 
amount  injected  4.1  cc;  1.10  p.  m.,  hypersensitive,  some  disturbance  of  muscular 
coordination;  restlessness;  1.35.  p  m.,  renexes  decreased,  urinated  and  walked  about, 
gait  normal.  Under  observation  for  several  days;  no  symptoms  noted. 
Rabbit  564.    Oray  female.     Weight,  1,515  grams. 

February  6:  Injection  began  at  1.26  p.  m.,  3.5  cc  2  per  cent  caffein  (46  mg  per  kilo) 
injected  at  the  rate  of  1  cc  per  minutej  1.30  p.  m.,  reflexes  increased;  1.34  p.  m., 
marked  paresis  of  the  extremities,  rabbit  stretched  out  on  abdomen,  legs  abducted 
and  partly  extended,  able  to  hop  about  but  gait  disturbed,  no  imtoward  symptoms 
noticed,  under  observation  for  several  da3rs  after  experiment. 
Rabbit  565.    Gray  female.     Weight,  1,545  gram^.    Diet,  oats. 

February  6:  Started  to  inject  at  3.40  p.  m.,  received  2.5  cc  2  per  cent  caffein  intra- 
venously in  two  minutes  or  32  mg  per  kilo,  imder  observation  all  afternoon,  no 
symptoms. 

Rabbit  566.    Gray  female.     Weight,  1,900  grams.    Diet  oats. 

February  6:  Injection  began  at  3.05  p.  m.,  received  3  cc  2  per  cent  caffein  intra- 
venously in  three  minutes  or  31  mg  per  kilo,  no  symptoms  observed. 

These  experiments  show  that  a  dose  of  about  50  mg  per  kilo  when  injected  intra- 
venously producer  mild  symptoms,  such  as  increased  reflexes.  In  the  four  experi- 
ments with  this  amount  of  caffein  these  effects  were  observed  in  each  case.  In  the 
experiments  in  which  smaller  quantities,  30  mg  per  kilo,  were  given  intravenously 
there  was  no  manifestation  of  symptoms.  A  dose  not  over  50  mg  per  kilo  may,  there- 
fore, be  regarded  as  the  minimum  toxic  dose  when  injected  intravenously  imder  the 
conditions  stated. 

Series  D^ 

A  0.5  per  cent  caffein  solution  was  used  in  these  experiments  in  order  to  test  the 
effect  of  concentration  on  its  toxicity;  the  rate  of  injection  was  1  cc  per  minute. 
Rabbit  569,    Gray  male,    WeigJU,  1,475  grams.    Diet,  oats, 

February  6:  11.50  a.  m.  to  12.01  p.  m.,  injected  10  cc  0.5  per  cent  caffein;  12.03 
to  12.12  p.  m.,  injected  10  cc  of  0.5  per  cent  caffein;  12.13  to  12.26  p.  m.,  injected 
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10  cc  of  0.5  per  cent  caffein,  total  amount  injected,  30  cc;  12.20,  passed  35  cc  of  urine; 
12.30,  increased  reflexes,  but  no  convulsions;  4  p.  m.,  reflexes  increased. 

February  11:  Alive,  condition  good. 
Rabbit  574.    Gray  female.     Weighty  1^555  grams.    Diet,  oats, 

February  8:  10.25  to  10.33  a.  m.^  injected  4  cc  of  0.5  per  cent  caffein  in  salt  solution, 
injection  discontinued  for  flvc^  minutes;  10.38  to  11.10,  injected  30  cc,  total  amoimt 
of  caffein  solution  received,  34  cc;  11.55  a.  m.,  very  sensitive;  reflexes  markedly 
increased. 

I    February  9:  Alive,  condition  good. 
Rabbit  571,    Qray/emale,     Weight,  1,530  grams.    Diet,  oats. 

February  7:  Injection  3.18  to  3.50  p.  m.,  received  30  cc  in  32  minutes,  not  hyper- 
sensitive; 3.55,  restlessness  and  weakness  of  extremities;  4.10  p.  m.,  control  of  ante- 
rior extremities  impaired,  distinctly  paretic  but  tried  to  walk  about,  died  the  same 
afternoon. 
Rabbit  568,    Gray  male.     Weight,  1,605  grams.    Diet,  oats, 

February  7:  Injection  10.53  to  11.01  a.  m.,  injected  10  cc  0.5  per  cent  caffein;  11.03, 
injection  resumed  after  two  minutes  interval^  11.14,  received  10  cc  0.5  per  cent 
caflein  intravenously  in  11  minutes;  11.16,  injection  resumed;  11.35,  received  12  cc 
0.5  per  cent  caffein,  total  amount  of  caffein  solution  received,  32  cc;  1^.30  p.  m., 
urinated  14  cc  of  bloody  urine:  12.55  p.  m.,  convulsions  and  death  a  few  minutes  later. 
Autopsy  showed  congestion  of  viscera,  but  no  other  lesions. 
Rabbit  570,    Gray  female.     Weight,  1,225  grams.    Diet,  oats, 

February  7:  2.06  to  2.35  p.  m.,  injected  24.5  cc  0.5  per  cent  caffein,  reflexes  increased 
but  no  convulsions,  paresis  especially  marked  in  tne  anterior  extremities;  3  p.  m., 
passed  urine  which  was  normal  in  appearance,  reflexes  not  increased  but  rabbit  was 
weak. 

February  9:  Found  dead.  Autopsy:  Liver,  spleen,  and  kidneys  congested;  la^e 
intestines  hemorrhagic;  omentum  counted  and  showed  the  presence  of  small  caseous 
nodules;  liver  showed  adhesion  to  diaphragm;  viscera  presented  the  appearance  of 
intraabdominal  infection. 

1  Of  the  five  rabbits  of  this  series  three  died  as  a  result  of  the  administration  of  caffein. 
The  other  two  which  survived  showed  mild  symptoms  only,  such  as  increased  reflexes, 
but  no  evidence  of  severe  poisoning  such  as  was  observed  after  the  injection  of  the 
same  doses  of  caffein  in  series  A  when  a  2  per  cent  solution  of  caffein  was  injected. 
Convulsions  were  noticed  in  one  case  only  (No.  568);  paresis  in  two  cases  (Nob.  570 
and  571).  The  nervous  symptoms  even  in  this  group,  therefore,  were  mudi  milder 
than  in  series  A.  The  percentage  of  death,  however,  was  greater  than  in  series  A,  in 
which  the  concentration  of  caffein  was  four  times  as  great.  It  is  quite  probable  that 
the  strain  on  the  heart  due  to  the  sudden  increase  in  volume  of  the  blood  and  its  dilu- 
tion might  be  an  important  factor  in  increasing  the  toxicity  of  caffein.  It  is  conceiv- 
able that  doses  just  sufficiently  large  to  depress  the  normal  heart  may  cause  x>aralyBiB 
of  an  already  overstrained  organ. 

Sebibs  £. 

In  the  two  experiments  of  this  series  the  rate  of  injection  as  a  possible  factor  influ- 
encing the  toxicity  of  caffein  was  tested.  A  2  per  cent  caffein  solution  was  injected 
at  the  rate  of  1  cc  in  two  and  one-half  to  three  minutes. 

Rabbit  57 t.    Gray  male.     Weight,  1,770  grams.    Diet,  oats, 

February  8:  Injection  began  at  3  p.  m.,  discontinued  at  3.37  p.  m.,  and  resumed  at 
3.38  p.  m. ;  rabbit  was  restless;  injection  finished  at  3 .52  p.  m.  Total  quantity  received, 
17.4  cc  2  per  cent  caffein  intravenously  in  52  minutes;  struggled  intermittently  during 
the  injection;  anterior  legs  paralyzed. 

February  9:  Foimd  d^. 
Rabbit  57 S.    Gray  mxile.    Weight,  1,810  grams.    Diet,  oats, 

February  8:  Started  to  inject  at  1.35  and  discontinued  at  2.27  p.  m.;  received  18  cc 

2  per  cent  caffein  intravenously  in  52  minutes;  reflexes  mar&dly  increased  soon 
after:  2.45,  passed  bloody  urine;  4.30  p.  m.  reflexes  increased;  no  othw  symptoms. 

February  9:  9  a.  m.,  found  dead. 

It  will  be  observed  that  some  retardation  of  the  onset  of  symptoms  was  caused  by 
slower  injection,  but  the  final  result  was  the  same  as  when  the  injections  were  made 
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more  lapidly.    It  is  quite  probable,  therefore,  that  a  much  slower  rate  of  injection 
may  lessen  considerably  the  toxicity  of  caffein. 

From  the  results  of  the  experiments  by  intravenous  injection  summarized  in  the 
table,  it  appears  that  the  minimum  toxic  dose  for  rabbits  of  a  2  per  cent  caffein  solu- 
tion, injected  at  the  rate  of  1  cc  per  minute,  is  about  50  mg  per  kilo.  Twice  the  dose 
induces  severe  symptoms  and  may  be  i&tal;  160  mg  per  kilo  are  surely  fatal.  If  the 
rate  of  injection  is  diminished,  the  toxicity  of  caffein  is  lessened,  but  this  effect  is 
not  marked  unless  the  injections  are  very  slow.  Dilution  of  the  caffein  solution  sup- 
presses to  some  extent  the  nervous  symptoms,  but  the  toxicity,  on  the  contrary,  seems 
to  be  increased. 

Table  5. — IrUraveriout  mjectiona. 

SERIES  A. 


Ma 

Weight. 

Oaffeln 

Symptoms. 

DuiaUonoflife. 

Diet. 

Remarks. 

1M 

1,310 
1,035 
1680 
1,590 
1,770 
1,350 

134 
114 
100 
141 
125 

Preseat... 
10  minutes 
Present... 

...do 

...do 

...do 

Sarvlved. 

Oats 

...do 

White  female. 

fiM 

?0  minuted 

Orayfemale, 

ART 

Survived 

...do 

»8 

292 
194 

do 

do 

10  mlmites , 

...do 

...do 

Carrots.... 

Do. 
Do. 
Do. 

SERIES  B,  GROUP  I. 


5e2 
661 

5eo 

550 


1,560 
1,460 
1,020 
1,875 


200 
200 
200 
190 


Present... 
..do... 


Ubours , 

..:..do 

Less  than  24  hours 

Survived. 


Oats. 
..do. 
..do. 
..do. 


Qiay  female. 
Do. 
Do. 
Do. 


SERIES  B,  GROUP  U. 


279 
264 
567 
266 


1,320 
1,285 


100 
160 
162 
158 


Ihour 

Survived 

About  45  minutes. 
Died 


Oats. 


Gray  and  white  female. 
Qrayfemale. 


SERIES  C. 


m 

1,610 
2,320 
1,060 
1,616 
1545 
1,900 

600 
570 
600 
400 
320 
310 

Present... 
None. 

Survived 

Oats 

Gray  female. 
White  male. 
Qrayfemale. 

Do. 

Do. 

Do. 

777 

do 

663 

664 

Present... 
...do 

do 

do 

...do 

666 

None 

do 

..do 

660 

...do 

do 

...do 

SERIES  D. 


660 

674 
571 
508 

670 


1,475 
1,566 
1,530 
1,006 
1,225 


100 
U2 
100 
100 
100 


Present. 
...do.... 
...do.... 


Survived. 

do 

About  2  hours. 

20  minutes 

Less  than  20  hours. 


Oats, 
.do. 
.do. 


.do. 
.do. 


Gray  male. 
Grayfemale. 

Gray  male. 


SERIES  E. 


672 

1.770 
1,810 

200 
200 

Present... 

About  24  hours. 

Oats 

.do.... 

673 

do 
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SUMMART. 

The  results  of  the  experiments  on  rabbits  show  considerable  variation  in  the  toxicity 
of  the  single  dose.  Individuals  differed  so  widely  in  their  resistance  to  this  drug 
that  the  same  experiments  had  to  be  repeated  many  times  with  each  method  of  ad- 
ministration before  satisfactory  conclusions  could  be  drawn.  This  is  strikingly 
illustrated  in  the  experiments  by  intravenous  injection  in  which  a  dose  of  nearly  0.2 
gram  per  kilo  was  not  &ital.«  Similar  instances  of  exceptional  resistance  or  of  sensi- 
tiveness to  caffein  were  observed  when  it  was  given  in  other  ways.  A  comparison 
of  the  toxicity  of  caffein  administered  by  different  methods  in  this  investigation 
shows  well-marked  differences  in  its  activity,  although  they  are  not  quite  so  striking 
as  similar  experiments  with  other  alkaloids  reported  by  several  observers.  The  tox- 
icity of  caffein  in  these  experiments  on  the  rabbit  indicates  that  it  is  greatest*  when 
given  by  vein  and  least  when  given  by  mouth.  The  ratio  of  the  minimum  toxic 
doses  by  these  two  methods  of  introduction  of  caffein  was  about  7.1;  the  relation  of 
the  minimum  fatal  dose  was  about  3.1.  The  toxicity  when  given  subcutaneously  is 
about  15  to  20  per  cent  greater  than  when  given  by  mouth.  The  difference  between 
the  intramuscular  and  subcutaneous  injection  is  even  more  marked.  The  toxicity 
of  caffein  when  injected  into  the  muscles  is  about  midway  between  that  adminis- 
tered by  the  subcutaneous  and  intraperitoneal  routes,  and  is  about  half  that  injected 
intravenously.  Meltzer  and  Auer,**  who  experimented  with  a  number  of  drugs 
found  that  the  intramuscular  method  of  administration  is  as  effective  as  the  intravenous, 
fluorescin  forming  the  only  exception  according  to  their  observations.  In  the  experi- 
ments of  SoUman  and  Brown  "^  with  ergot,  the  effect  was  quite  different  from  those 
obtained  by  Meltzer  and  Auer  ^  with  the  drugs  they  used.  It  is  quite  possible  that 
the  result  obtained  with  ergot  is  merely  illustrative  of  a  difference  in  the  behavior  of 
various  substances  in  this  regard.  This  appears  probable  on  account  of  the  difference 
in  the  rate  of  absorption  for  various  substances.  Thus,  according  to  Achard,  Gaillard, 
and  Ribot  (Compt.  rend.  Soc.  bioL,  1907,  62:  90),  absorption  from  the  peritoneal 
cavity  varies  with  the  concentration  of  the  solution  and  the  size  of  the  molecule.  The 
smaller  the  molecule  and  the  greater  the  concentration  the  more  rapid  the  absorp- 
tion. That  the  rate  of  absorption  from  the  intramuscular  tissues  is  unequal  and 
varies  for  different  substances  appears  from  the  experiments  of  Meltzer  and  Auer.  •• 
The  difference  was  very  striking  between  intramuscular  and  subcutaneous  adminis- 
tration of  curara  or  adrenalin;  the  results  were  somewhat  different  with  morphin  and 
with  fluorescin.  As  shown  in  their  protocols,  the  onset  of  the  symptoms  after  the 
intramuscular  injection  of  morphin  was  sooner  than  after  subcutaneous  injection, 
but  in  time  the  difference  diminishes  and  disappears  altogether.  The  absorption  of 
fluorescin  is  much  faster  when  the  intramuscular  path  is  used  than  when  given  sub- 
cutaneously, but  the  writers  state  that  the  rate  falls  far  behind  that  of  the  intravenous 
administration.  The  difference  in  toxicity  we  observed  between  feeding  by  mouth 
and  subcutaneous  injection,  although  distinct,  was  not  very  great.  It  was  much 
less  than  Maurel  ^  obtained  with  the  hydrobromid  of  caffein  in  the  rabbit.  Whether 
this  difference  between  his  results  and  ours  is  due  to  the  use  of  the  pure  alkaloid  in 
our  experiments  and  the  hydrobromid  employed  by  Maurel  can  not  be  stated  at 
present  with  any  degree  of  accuracy.  It  is  hoped  that  the  work  in  progress  in  the 
laboratory  will  throw  some  lig^t  on  the  subject  in  the  near  future.  But  MaurePs  ^ 
experiments  show  that  various  substances  behave  differently  in  this  regard.  Thus 
the  toxicity  of  strychnin,  he  states,  is  three  times  as  great  when  given  subcutane- 
ously as  when  given  by  mouth  and  six  times  that  of  the  minimum  fatal  dose  by  vein. 
It  may  be  remarked,  however,  that  examination  of  his  data  shows  that  his  doses  are 
much  too  large  for  the  rabbit.  In  experiments  with  other  drugs  little  or  no  difference 
between  the  two  modes  of  administration  was  noticed.  Thus,  digitalin  was  but 
slightly  more  active  when  given  subcutaneously  than  by  mouth,  while  the  toxicity 
of  emetin  hydrochlc^rid  was  just  the  same,  whichever  one  of  these  methods  of  intro- 
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ducing  the  substance  was  used.  Differences  in  the  toxicity  of  substances  have  also 
been  observed  between  subcutaneous  and  intravenous  modes  of  administration, 
but  here,  too,  the  differences  for  various  substances  were  unequal. 

EXPEBIMBNTS  ON  aUINEA  PiaS. 

The  toxicity  of  caffein  was  studied  in  a  large  number  of  individuals.  The  experi- 
ments were  conducted  on  full-grown  animals  and  were  carried  out  at  different  seasons 
of  the  year  in  a  variety  of  ways.  Special  attention  was  given  to  diet  as  a  jKissible 
factor  influencing  resistance  to  caffein,  and  the  effect  of  different  modes  of  admiuis- 
tration  on  toxicity.  Some  animab  were  therefore  fed  oats,  some  carrots,  others  re- 
ceived both  hay  and  oats.  Caffein  was  introduced  subcutaneously,  intraperitoneally, 
and  by  mouth. 

ST7BCIJTAKBQI7S  INJBCTION. 

Series  A. 

Preliminary  experiments  carried  out  on  three  guinea  pigs,  which  received  360, 
300,  and  290  mg  of  caffein  per  kilo  subcutaneously  have  shown  that  such  doses  were 
rapidly  fatal.  Two  of  the  animals  were  seized  with  convulsions  half  an  hour  after 
the  introduction  of  caffein  and  died  during  the  attack.  The  other  had  tetanus  two 
minutes  after  the  injection  of  caffein.  Repeated  attacks  followed,  which  terminated 
in  the  death  of  the  animal  two  and  a  half  hours  later.  The  fatal  and  toxic  doses  must 
therefore  be  considerably  imder  0.3  gram  of  caffein  per  kilo  when  introduced  by  this 
path  and  smaller  doses  were  therefore  injected.  The  results  are  shown  in  the  experi- 
ments of  the  next  series. 

Series  B. 

Experiments  with  2  decigrams  per  kilo  constituted  this  series. 
Guinea  pig  20.    Female.     Weight,  497  grams.    Diet,  oats. 

April  2:  5  cc  2  per  cent  caffein  injected  subcutaneouslv at  11.30  a. m.;  1.50  p.m., 
spasm  of  short  duration.    Died  at  3  p.  m.,  three  and  one-half  hours  after  injection. 
Gvinea  pip  38.    Brown  male.    Weight,  570  grams.    Diet,  carrots  and  oats  wed:  previotts 
to  injection. 

February  11:  3.50  p.  m.,  6  cc  2  percent  caffein  injected  subcutaneousl3r  in  back 
^210  mg  per  kilo);  4.15,  reflexes  increased,  had  convulsion  of  short  duration  when 
disturb^;  4.45  p.  m.,  on  handling,  repeated  convulsion  and  paralysis;  5  p.  m.,  guinea 
piff  lying  on  his  side,  respiration  difficult  and  labored. 

Feoruary  11:  5.05  p.  m.,  guinea  pig  found  dead,  2  hours  and  15  minutes  after 
injection. 

Gvinea  pig  37.    Male.    Weight,  820  grams.    Diet,  carrots  and  oats  during  week  pre- 
ceding the  injection  of  caffein. 

February  11:  3.35  p.  m.,  8.5  cc  2  per  cent  caffein  injected  subcutaneouslv  in  the 
back;  5  p.  m.,  pig  ver]^  sensitive,  anterior  extremities  |>aralyzed  when  handled,  fre- 
quent spasms  of  posterior  extremities,  no  symptoms  noticed  before  5  p.  m.,  although 
watched  all  the  time;  5.05  p.  m.,  guinea  pig  on  nis  legs  and  looked  normal.  No  attack 
on  handling. 

February  12:  9  a.  m.,  found  dead;  died  within  18  hours. 
Gvinea  pig  13.    Female.     Weight,  618  grams.    Diet,  oats. 

March  29:  2.45,  6  cc  2  per  cent  caffein  injected  subcutaneously  (0.194  grams  per 
kilo). 

March  30:  Died  at  4  p.  m.,  25  hours  after  injection. 
Guinea  pig  36.    Male.     Weight,  860  grams.    Fed  oats  and  carrots  for  one  week  previous 
to  injection. 

February  11:  3.30  p.  m.,  8.5  cc  2  per  cent  caffein  injected  subcutaneously  into 
back;  5  p.  m.,  somewhat  more  sensitive  than  normal,  no  other  symptoms,  no  effect 
on  handling;  5.05  p.  m.,  no  symptoms. 

February  12:  9  a.  m.,  found  dead,  about  18  hours  after  injection. 

The  results  of  these  experiments,  as  observed  in  five  guinea  pigs,  indicate  that 
two  decigrams  of  caffein  per  kilo  of  animal  produce  symptoms  within  a  half  to  about 
two  and  a  quarter  hours  alter  injection .    Death  followed  in  two  guinea  pigs  70  minutes 
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to  1  hour  after  the  first  manifestatioiis  of  sjrmptoms.  Two  others  died  during  the 
night)  while  one  lived  25  hours  after  the  injection  of  caffein.  Even  2  decigrams 
caffein  per  kilo  weight  might  therefore  be  f&tsl  to  the  guinea  pig.  Experiments 
carried  out  later  have  shown,  however,  that  the  resistance  to  caffein  is  appreciably 
greater  in  some  guinea  pigs.  This  is  indicated  by  the  following  experiments,  in  which 
doses  of  0.2  to  0.24  gram  ca£fein  per  kilo  were  administered  by  the  same  path. 

Sbbibs  G. 

OtUnea  pig  66,     Yellow  and  dark  brown  male.     Weighty  510  grams.    Diet,  oats. 

October  4:  5  cc  2  per  cent  caffein  (0.2  gram  per  kilo)  injected  subcutaneously  in 
the  back  at  3  p.  m.;  5  p.  m.,  no  s^ptoms. 

October  5:  9  a.  m.,  alive;  condition  good. 

October  9:  Found  dead.  AtUopsy:  Congestion  of  liver,  kidney,  and  small  intestine. 
Ouinea  pig  65,    White  and  hlads  male.    Weight,  510  grams.    Diet,  oats, 

October  4:  5  cc  2  per  cent  caffein  (0.2  gram  per  kilo)  injected  subcutaneously  in 
the  back  at  3  p.  m.;  5  p.  m.,  no  symptoms. 

October  5:  9  a.  m.,  condition  good. 
Guinea  pig  60,     White  and  gray  female.     Weighty  S20  grams.    Diet,  oals. 

October  3:  2.26  p.  m.,  3.5  cc  2  per  cent  caffem  ((0.219  gram  per  kilo)  injected  sub- 
cutaneously in  the  back;  3.40  p.  m.,  convulsion  with  recovery;  3.50  p.  m.,  frequent 
spasms  wiui  paralysis,  especially  of  anterior  extremities;  5.30  p.  m.,  tetanus  when 
removed  from  cage  and  put  on  floor. 

October  4:  8.50  a.  m.,  found  dead.    Autopsy:  Congestion  of  small  intestines,  lungs, 
liver. 
Guinea  pig  57,     While  and  gray  female.     Weight,  350  grams.    Diet,  oats, 

October  3:  2.15  p.  m.,  3.5  cc  2  per  cent  caffein  injected  subcutaneously  in  the  back 
(0.2  gram  per  kilo);  3.40  p.  m.,  convulsions  with  recovery;  5.30  p.  m.,  no  marked 
symptoms. 

October  4:  8.50  a.  m.,  alive,  active. 

October  6:  Found  dead  at  9  a.  m.    Autopsy:  Congestion  of  lungs  and  liver;  kidneys 
petechiated;  severe  gastro-enteritis. 
Guinea  pig  68,     Yellow  male.     Weight,  785  grams.    Diet,  oats, 

October  6:  11.35  a.  m.,  7.8  cc  2  per  cent  caffein  ^0.2  gram  per  kilo)  injected  subcu- 
taneously; 12  noon,  reflexes  increased  markedly;  4.20  p.  m.,  reflexes  the  same  as  at 
12  noon. 

October  7:  9  a.  m..  dead.    Autopsy:  Lun^  congested;  liver  congested  and  fatty: 
spleen  congested,  kidney  showed  hemorrhagic  spots;  gastric  mucosa  necrotic;  small 
liortion  of  small  intestine  inflamed. 
Guinea  pig  69,     White  male.    Weight,  585  grams.    Diet,  oats, 

October  6:  11.40  a.  m.,  5.8  cc  2  per  cent  caffein  injected  subcutaneously;  12  noon, 
reflexes  increased,  but  not  as  much  as  in  No.  68;  4.20  p.  m.,  guinea  pig  hypersensitive, 
reflexes  increased  more  than  at  12  noon. 

October  7:  9  a.  m.,  alive. 

October  15:  9  a.  m.,  found  dead. 
Guinea  pig  61,    Brown  and  black  female.     Weight,  330  grams.    Diet,  oats. 

October  3 :  4  p.  m.^  4  cc  2  per  cent  caffein  (240  mg  per  kilo)  injected  subcutaneously; 
5.30  p.  m.,  reflexes  increased;  runs,  but  drags  posterior  extremities. 

October  4:  8.50  a.  m..  found  dead. 
Guinea  pig  62,     White,  yellow,  and  blad:  female.     Weight,  335  grams.    Diet,  oals, 

October  3:  4.05  p.  m.,  4  cc  2  per  cent  caffein  (238  mg  per  kilo)  injected  eubcu- 
taneously  in  the  back;  5  p.  m.,  convulsions;  5.20  p.  m.,  convulsions,  alternating  with 
paralysis  of  anterior  and  posterior  .extremities. 

October  4:  8.50  a.  m.,  found  dead. 
Guinea  pig  70,     WHite  and  brown  male.     Weight,  545  gram^.    Diet,  oats, 

October  7:  3  p.  m.,  6.5  cc  2  per  cent  caffein  (238  mg  per  kilo)  aqueous  solution 
injected  subcutaneously;  3.50  p.  m.,  reflexes  increased. 

October  9:9  a.  m.«  found  dead. 
Guinea  pig  71,    Brown  and  white  male.     Weight,  540  grams.    Diet,  oats. 

October  7:  3  p.  m.,  6.5  cc  2  per  cent  caffein  solution  (0.24  giam  per  kilo)  injected 
subcutaneously;  3.45  p.  m.,  renexes  increased,  tetanus. 

October  9:9  a.  m.,  found  dead. 
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Oumea  pig  7t,    Brown  arid  wMte  male.    Weipht,  560  grama.    Diet.  oats. 

October  7:  3  p.  m.,  6.5  cc  2  p«r  cent  caffein  (0.232  gram  per  kilo)  aqueous  solution 
administered  bv  subcutaneous  injection;  3.35  p.  m.,  reflexes  increased. 

October  10:  found  dead.    Autopsy:  Nos.  70,  71,  72  showed  congestion  of  organs. 

The  reaction  to  caffein  in  the  experiments  of  this  series  (C)  showed  considerable 
variation.  The  appearance  of  symptoms,  as  well  as  the  final  outcome  of  the  experi- 
ments, differed  markedly  in  a  number  of  cases,  notwithstanding  the  fact  that  the 
conditions  were  the  same;  thus  the  administration  of  0.2  gram  per  kilo  to  guinea 
pigs,  all  of  which  received  the  same  diet,  induced  no  symptoms  in  two  of  the  animals 
(Nos.  66  and  65),  while  marked  symptoms  were  observed  in  the  other  four;  in  two 
of  these  the  symptoms  appeared  in  one  hour  and  a  quarter  after  injection,  and  in  two 
others  (Nos.  68  and  69),  mild  symptoms  only  appeared  in  20  or  25  minutes.  The 
last  two  were  under  observation  for  4  hours  longer,  but  there  was  no  visible  change 
in  their  condition.  The  duration  of  life  in  all  of  these  guinea  pigs,  as  indicated  in 
the  table,  likewise  varied.  Two  (Nos.  60  and  68)  died  during  the  night  after  they 
received  caffein,  one  survived  (No.  65),  and  three  others  (Nos.  57,  66,  and  69)  lived 
2},  5,  and  9  days,  respectively.  Experiments  with  laiger  doses  likewise  showed 
differences  in  the  behavior  of  these  animals  toward  caffein,  but  they  were  not  quite 
so  marked.  As  shown  in  the  table,  symptoms  appeared  in  from  35  minutes  to  1 .5  hours 
after  injection.  The  duration  of  life  was  less  than  1  day  in  two  pigs,  about  twice  as 
long  in  two  others,  and  in  one  case  between  2  and  3  days. 

A  comparison  made  with  results  obtained  in  the  preceding  series  shows  a  striking 
difference  in  the  resistance  to  caffein.  As  2  decigrams  per  kilo  proved  more  rapidly 
fatal  to  the  guinea  pig  than  the  laiger  doses  employed  in  the  later  experiments,  this 
difference  in  the  resistance  to  caffein  may  be  due  to  several  factors.  As  pointed  out 
in  the  experiments  on  rabbits,  age  might  be  an  important  factor  influencing  the 
toxicity  of  caffein.  Unfortunately,  no  accurate  data  were  available  on  the  age  of  the 
guinea  pigs,  but  they  were  all  apparently  full  grown,  although  they  differed  in  weight 
considerably.  The  difference  in  their  ages  was  in  all  probability  not  very  great. 
Moreov^,  it  will  be  observed  that  the  resistance  in  series  B  and  C  differed  in  animals 
of  approximately  the  same  weight.  This  is  evident  on  comparing  experiments  Nos. 
20,  38,  and  13  of  series  B  with  Nos.  65,  66,  and  69  of  the  next  series.  Again,  further 
inspection  and  analysis  of  these  tables  show  no  difference  in  the  toxicity,  although 
there  may  be  considerable  difference  in  the  weight,  from  which  it  may  be  concluded 
that  the  animals  were  of  about  the  same  age  or  that  this  plays  no  part  in  the  resistance 
to  caffein  in  the  guinea  pig. 

Diet  is  another  factor  which  should  be  taken  into  consideration  in  this  connection. 
The  recent  work  of  Himt^  indicates  that  this  may  influence  the  resistance  of  animals 
to  some  poisons.  Otir  experiments,  however,  fail  to  show  any  difference  in  the  toxicity 
of  the  caffein  in  guinea  pigs,  whether  fed  oats,  carrots,  or  both,  for  different  results  were 
obtained  on  the  same  diet,  and  there  seemed  to  be  little  or  no  difference  in  the  toxicity 
of  caffein  when  the  diet  was  different.  Other  explanations  suggest  themselves  to 
account  for  the  results  obtained.  Seasonal  changes  have  been  assigned  by  a  number 
of  investigators  as  a  cause  of  variation  in  the  resistance  to  drugs.  According  to  Focke,^ 
tit)gs  are  more  susceptible  to  digitalis  in  the  spring  than  in  the  summer,  while  Mosch- 
kowitsch  "*  and  Edmunds  '*  reported  the  very  opposite  results.  Schmiedeberg's  ** 
observations  on  strophantin  in  frogs  were  in  harmony  with  those  of  Edmunds  ^^  and 
Moschkowitsch."^  Similar  results  were  reported  with  guinea  piga.  Harrington's  '^ 
experiments  indicate  that  stimulation  of  the  vagus  b  less  effective  from  October  to 
January  than  from  February  to  April,  when  they  are  also  much  more  susceptible  to 
operative  procedure.  Hunt  found  that  the  resistance  of  guinea  pigs  to  aceto  nitril  is 
about  twice  as  great  in  the  simmier  months  as  it  is  in  January  and  February. 

Race  might  also  be  thought  of  as  an  important  iBcUx  in  this  connection.  Since  the 
guinea  pigs  used  at  different  seasons  of  the  year  were  of  several  varieties,  there  is  no 
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reason  to  Bup^)oee,  however,  that  the  varieties  experimented  upon  in  the  summer 
were  more  resistant  than  those  used  in  the  winter  and  spring.  It  is  highly  probable, 
therefore,  that  the  greater  resistance  to  caffein  of  the  guinea  pigs  of  series  0  than  those 
of  series  B  was  due  to  seasonal  variation. 

Doses  of  0.20  to  0.24  gram  caffein  per  kilo  weight,  therefore,  may  be  regarded  as  the 
minimum  &tal  dose  for  the  guinea  pig,  depending  upon  the  season.  Since  0.2  gram 
per  kilo  proved  to  be  rapidly  &tal  in  series  B,  this  quantity  was  perhaps  not  the 
minimum  fatal  dose  for  ^e  guinea  pig  at  the  season  during  which  the  experiments 
were  made.  Additional  tests  with  smaller  doses  were  therefore  carried  out  during 
February  and  March.    The  results  are  shown  in  series  D. 

Series  D. 

Guinea  pig  49,    Male,     Weight,  510  grams.    Diet,  oats  for  1  month  previous  to  experi- 
ment. 

March  17:  3  p.  m.,  4  cc  2  per  cent  caffein  (0.16  gram  per  kilo)  were  injected  sub- 
cutaneously;  4.40  p.  m.,  reflexes  increased;  5.40  p.  m..  no  symptoms. 

March  18:9  a.  m.,  found  dead,  died  in  less  than  18  nours.  Autopsy:  Hemorrhage 
into  abdominal  cavity;  liver  and  spleen  unduly  congested;  intestines  injected; 
hemorriiagic  area  at  pomt  of  injection. 

Guinea  pif  40,    Male.    Weighty  6S0  grams.    Diet,  oats  and  carrots  one  week  previous  to 
injectum. 

February  12:  11  a.  m.,  5  cc  2  per  cent  caffein  (0.158  gram  per  kilo)  injected  subcu- 
taneously  mto  back. 

February  13:  1  p.  m.,  still  alive. 

February  14:  9  a.  m.,  found  dead. 
Guinea  pig  45.    Female.    Weight,  4S5  grams.    Diet,  oats  for  about  one  month  previous  to 
injection. 

March  17:  3  p.  m..  3.5  cc  of  2  per  cent  caffein  injected  subcutaneously  in  the  back 
(0.160  gram  per  kilo);  4.35  p.  m.,  no  symptoms;  5.40  p  m.,  no  symptoms. 
Guinea  pig  39.    Male.     Weight,  820  grams.    Diet,  oats  and  carrots. 

February  12:  11  a.  m.,  6  cc  (0.15  gram  per  kilo)  2  per  cent  caffein  injected  subcu- 
taneously m  back. 

February  14:  9  a.  m.,  alive;  seemed  to  be  in  good  condition;  foimd  dead  at  1  p.  m. 
Guinea  pig  41 .     Weight,  660  grams.    Diet,  oats  and  carrots  one  week  previous  to  injection' 

February  12:  11  a.  m.,  5  cc  (0.15  gram  per  kilo)  2  per  cent  caffein  injected  subcu* 
taneously. 

February  14:  2  p.  m.,  pig  alive;  apparently  normal. 

February  18:  Guinea  pig  still  alive  and  apparently  in  good  condition. 
Guinea  pig  46.    Female.    Weight,  470  grams.    Diet,  oats  about  one  month  previous  to 
experiment. 

March  17:  3.15  p.  m.,  4  cc  (0.170  gram  per  kilo)  2  per  cent  caffein  injected  into  back 
subcutaneously;  4.35  p.  m.,  reflexes  increased,  tremors  on  handling  marked;  5.40  p. 
m.,  no  change,  symptoms  about  as  before. 

March  18:  2.30  p.  m.,  no  symptoms. 

The  experiments  of  this  series  (D)  likewise  showed  a  considerable  difference  in  the 
resistance  of  the  individual  guinea  pigs.  Nos.  41,  45,  and  46  survived;  the  rest  of 
the  pigs  died  within  18  hours  to  2  days  after  the  administration  of  caffein.  Since  an 
autopsy  was  held  on  one  only,  it  is  impossible  to  assign  a  cause  for  the  variation  in  the 
toxicity  of  caffein  in  these  guinea  pigs,  as  the  diet  and  the  other  conditions  under 
which  the  experiments  were  conducted  were  the  same.  It  was  found  in  the  experi- 
ments on  cats  and  rabbits  that  the  presence  of  morbid  processes  tends  to  increase  the 
toxicity  of  caffein.  The  observations  of  OphQls^  are  of  interest  in  this  connection. 
He  found  spontaneous  lesions  of  the  kidney  and  liver  in  a  large  proportion  of  guinea 
pigs  examined.  The  greater  susceptibility  to  caffein  of  guinea  pigs  Nos.  39,  40,  49, 
is  probably  due  therefore  to  some  pathological  change  which  increased  its  toxicity. 
About  0.2  to  0.24  gram  per  kilo  may  therefore  be  regarded  as  the  minimum  lethal 
dose  for  the  normal  guinea  pig  when  caffein  is  introduced  subcutaneously,  the  mini- 
miun  toxic  dose  being  about  150-160  mg  per  kilo. 
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ExperimentB  were  also  conducted  to  determine  the  largest  doee  which  does  not  pro* 
duce  any  visible  effects.  In  a  number  of  tests  with  from  100  to  120  mg  caffein  i>er 
kilo  (series  E,  see  Table  6,  p.  51)  no  manifestation  of  nervous  or  muscular  disturbance 
nor  any  departure  from  the  normal  in  respiratory  activity  was  observed.  Such 
quantities  may  be  regarded  as  the  largest  doses  which  are  surely  safe  for  these  animals. 
It  is  quile  possible,  therefore,  that  the  greater  variation  in  the  toxicity  of  caffein 
observed  in  these  experiments  is  due  to  morbid  conditions.  Moreover,  there  is  some 
evidence  that  caffein  increases  the  toxicity  of  certain  poisons,  as  shown  by  Hale  ^  for 
dbetaniHd.  Is  it  not  possible  that  caffein  may  similarly  be  affected  by  poisons  cir- 
culating within  the  body?  Indeed  the  recent  work  of  Loeb  ^  makes  this  supposition 
highly  probable.  This  investigator  found  that  caffein  and  adrenalin  injected  together 
produce  myocarditis  in  the  rabbit.  It  is  conceivable  that  the  combined  action  of 
caffein  and  some  preexisting  poison  may  cause  changes  which  terminate  in  the  death 
ol  the  animal.  The  delayed  death  of  guinea  pigs  after  the  administration  of  caffein 
observed  in  this  and  other  series  nay  probably  be  accounted  for  in  this  way. 

Exi>6riment  67  lends  some  support  to  this  view.  The  condition  of  the  kidneys  and 
the  presence  of  a  severe  gastro-enteritis  are  sufficient  to  account  for  the  death  of  this 
case.  Again  the  frequent  association  of  gastro-enteritis  and  congestion  of  the  organs 
in  caffein  intoxication  found  in  different  animals  makes  it  highly  probable  that  these 
lesions  were  caused  by  caffein. 

INJ^BCTIOM'  INTO  THB  PBRXTONHAXi  CATTTT. 

The  experiments  were  carried  out  with  different  doses.  All  the  guinea  pigs  in 
thisseiies  were  kept  on  a  uniform  diet,  consisting  of  oats.  Most  of  them  were  of  average 
size  and  there  were  no  wide  variations  in  their  weights.  The  experiments  of  series  A 
with  the  smallest  doses  were  conducted  in  March  and  April;  all  the  other  experiments 
it  will  be  noticed  were  made  in  October. 

SSBIES  A. 

Guinea  pig  41.    Weight,  700  grams.    Diet,  oats. 

April  1:  3.30  p.  m.,  4.5  cc  2  per  cent  caffein  (130  mg  per  kilo)  injected  into  peri- 
toneal cavity.    5.35  p.  m.,  symptoms  present  but  no  tetanus. 

April  2:  Found  dead  about  2  p.  m.,  duration  of  life  about  22  hours.  Autopsy: 
Subcutaneous  hemorrhage  at  the  point  of  inoculation;  serious  exudate  on  visceral 
and  parietal  peritoneum  with  marked  Inflammation  of  peritoneum;  portions  of 
intestmes  showed  slight  enteritis. 

Qtdnea  pig  49.    Male.    Weight,  370  grams.    Diet,  oats. 

April  1:  3.15  p.  m.,  2.5  cc  2  per  cent  caffein  (135  mg  per  kilo)  injected  into  the  peri- 
ton^  cavity;  5.30  p.  m.,  symptoms  present;   reflexes  increased,  but  no  tet^us. 
Guinea  pig  survived. 
Cfuinea  pig  47.    Female.    Weight,  550  grams.    Diet,  oats  since  about  February  4- 

March  17:  3.30  p.  m.,  3.5  cc  2  per  cent  caffein  (127  mg  per  kilo)  injected  into  peri- 
toneal cavitv;  4.35  p.  m.,  increased  irritability  present,  but  not  marked;  5.40  p.  m., 
symptoms  about  the  same  as  before. 

March  18:  2.30  p.  m.,  condition  good;  no  symptoms.    Survived. 
Gidnea  pig  50.    Female.     Weight,  290  grams.    Diet,  oats. 

April  1:  3.30  p.  m.,  2  cc  2  per  cent  caffein  (138  mg  per  kilo)  injected  into  peritoneal 
cavity;  5.35  p.  m.,  symptoms  present;  reflexes  much  increased,  but  no  tetanus. 
Survived. 

Sebies  B. 

Guinea  pig  51.     TeUowfemaU.    Weight,  415  prams. 

October  1:  9.50  a.  m.,  3  cc  (144  mg  per  kilo)  2  per  cent  caffein  injected  Into  peri- 
toneal cavity;  4.30  p.  m.,  no  symptoms,  although  under  observation  all  day. 

October  3:  2  p.  m.,  alive. 
Guinea  pig  5t.    White  male.    Weight,  450  grams, 

October  1:  9.45  a.  m.,  3.5  cc,  2  per  cent  caffein  (155  mg  per  kilo),  injected  into 
peritoneal  cavity;  4.30  p.  m.,  no  s^^ptoms  developed  since  injection. 

October  3:  2  p.  m.,  auve. 
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Guinea  pig  5S,    Brown  and  white  male.     Weight,  490  grams. 

October  1:  9.45  a.  m.,  4  cc,  2  per  cent  canein  (163  mg  per  kilo),  injected  into  peri- 
toneal cavity;  4.30  p.  m.,  no  symptomfl  developed  since  injection. 

October  3:  2  p.  m.,  alive. 

October  8:  Found  dead.  Autopsy:  Congestion  of  lungs,  spleen,  liver,  kidneys,  and 
small  intestines. 

Sbrieb  C. 

Guinea  pig  59.    Gray  and  white.     Weight,  S75  grams.    Diet^  oats. 

October  3:  2  p.  m.,  3.75  cc(0.2  gram  per  kilo) injected  into  peritoneal  cavity;  2.15 
p.  m.,  reflexes  mcreased  but  not  markedly;  4  p.  m.,  reflexes  still  more  increased; 
no  other  symptoms;  5.30  p.  m.,  no  symptoms. 

October  4:  8.50  a.  m.,  guinea  pig  alive  and  active. 
Guinea  pig  68.    Brown  and  white.    Weight,  S80  grams.    Diet,  oaU. 

October  3:  2  p.  m.,  3.8  cc  caffein  (0.2  gram  per  kilo),  2  per  cent  solution,  injected 
into  peritoneal  cavity;  2.10  p.  m.,  hind  less  extended,  then  tetanus;  attack  lasted  a 
few  seconds,  after  which  pig  raised  himself  on  his  legs,  but  reflexes  remained  much 
exaggerated;  4  p.  m.  to  5.30  p.  m.,  no  symptoms  of  oinein  intoxication. 

October  4:  8.50  a.  m.,  guinea  pig  alive  and  active. 
Guxnea  pig  56.    Gray  and  white  male.    Weight,  440  grams.    Diet,  oats. 

October  1:  11.30  a.  m.,  received  4.6  cc  of  2  per  cent  caffein  solution  (0.2  gram  per 
kilo)  into  abdominal  cavity;  11.45  a.  m.,  stiffness  and  rigidity  of  posterior  extremi- 
ties, reflexes  increased;  12.30  p.  m.,  hind  le^  paralyzed,  reflexes  increased;  4.35 
p.  m.,  no  symptoms,  guinea  pig  in  good  condition. 

October  3:  Still  alive,  in  good  condition. 

October  14:  Died.    AtUopsy:  Anterior  lobe  of  right  lung  hepatised.    Small  portion 
of  small  intestine  edematous.    Other  oigans  normal. 
Guinea  pig  55.    White  and  yellow  male.    Weight,  690  grams.    Diet,  oats. 

October  1:  11.30  a.  m.,  received  6.5  cc  of  2  per  cent  solution  caffein  (188  mg  per 
kilo)  into  peritoneal  cavity;  11.40  a.  m..  stiffness  in  all  extremities,  reflexes  markedly 
increased;  12.30  p.  m.,  reflexes  increased,  anterior  and  posterior  extremities  paralyzed; 
3  p.  m.,  found  dead. 

Seribb  D. 

Guinea  pig  67.    Gray  and  yellow  male.     Weight,  SSO  grams.    Diet,  oats. 

October  5:  11.25  a.  m.,  4  cc  of  2  per  cent  caffein  injected  into  peritoneal  cavity 
(240  mg  per  kilo);  11.30  a.  m.,  tetanus — survived,  convulsions  on  and  on.    Death 
at  2.55  p.  m.    Autopsy:  Severe  gastroenteritis;  kidney  petechiated;  congestion  of 
lungs  and  liver. 
Guinea  pig  6S.    Gray  and  white  male.     Weight,  S40  qrams.    Diet,  oats. 

October  5:  11.20  a.  m.,  4  cc  of  2  per  cent  caffem  (235  mg  per  kilo)  injected  into 
peritoneal  cavity. 

October  14:  Alive  and  in  good  condition. 
Guinea  pig  64.    Brown  and  black  female.     Weight,  S05  grams. 

October  5:  11.35  a.  m.,  3.8  cc  2  per  cent  solution  caffein  (250  mg  per  kilo)  injected 
into  peritoneal  cavity;  11.40  a.  m.,  tetanus — survived,  convulsions  off  and  on,  died 
at  4.15  p.  m.    Autopsy:  Findings  exactly  the  same  as  in  No.  67. 

Examination  of  the  results  of  the  experiments  by  intraperitoneal  injections  showed 
that  0.2  gram  caffein  per  kilo  was  toxic  in  two  guinea  pigs  (Nos.  59  and  58).  Severe 
symptoms  were  observed  within  15  minutes  in  No.  56  and  within  one  hour  in  No. 
55  after  the  administration  of  approximately  the  same  dose  of  caffein.  One  of  these 
died  within  three  and  one-half  hours;  the  other,  No.  56,  made  a  good  recovery  from 
the  acute  effects.  This  amount  of  caffein  may  be  r^;arded,  therefore,  as  the  mim. 
mum  toxic  dose  for  the  guinea  pig  when  injected  into  the  peritoneal  cavity.  This 
is  corroborated  by  the  experiments  of  series  B  in  which  smaller  doses  failed  to  show 
any  muscular,  nervous,  or  respiratory  symptoms,  nor  were  there  any  after  effects 
noticed,  as  aU  of  them  survived  and  were  kept  under  observation  for  some  time. 
The  guinea  pigs  of  series  A,  however,  seem  to  contradict  these  results.  It  will  be 
remarked  that  appreciably  smaller  doses  induced  symptoms  in  all  of  th^n,  and  one 
case  terminated  fatally.  The  seasonal  variation,  as  already  pointed  out,  is  in  all 
probability  likewise  responsible  for  the  difference  in  the  resistance  between  the 
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guinea  pigs  of  series  A  and  B.  Tests  were  made  also  to  determine  the  minimum 
fatal  dose.  For  this  purpose  the  experiments  of  series  D  were  performed.  The 
resistance  of  No.  63  in  this  series  is  quite  striking.  We  are  unable  to  explain  such 
a  discrepancy  in  the  results  obtained  under  practically  unifonn  conditions.  The 
minimum  fatal  dose  of  caffein,  when  injected  into  the  peritoneal  cavity,  is  therefore 
about  240  to  250  milligrams  per  kilo.  These  amounts,  it  will  be  observed,  were 
rapidly  fatal,  in  striking  contrast  to  the  results  obtained  when  such  doses  were  injected 
subcutaneously.  This  is  probably  due  to  a  better  absorption  from  the  peritoneal 
cavity  than  from  the  subcutaneous  tissues. 

ADMINISTRATION  BY  MOUTH. 

All  the  guinea  pigs  in  these  experiments  were  kept  on  a  diet  of  hay  and  oats  and 
were  of  large  size.    The  tests  were  made  with  different  doses  of  caffein  in  order  to 
detennine  the  limits  of  toxicity  when  the  drug  was  administered  by  mouth. 
Guinea  pig  129,     White  and  black  male.     Weighty  855  grams.    Diet,  oats  and  hay, 

June  6:  2.20  p.  m.,  12  cc  of  2  per  cent  caffein  (0.28  gram  per  kilo)  by  mouth;  3 
p.  m.,  reflexes  increased;  5  p.  m.,  reflexes  still  more  increased;  no  other  symptoms. 

June  7:9  a.  hl,  found  dead;  guinea  pig  passed  75  cc  urine,  which  was  almost  color- 
less.   Auiopsv:  Heart  and  blood  vessels  injected;  lungs  congested;  small  intestines 
congested;  other  organs  apparently  normal. 
Guinea  pig  ISO,    Black  and  brown  male.     Weight,  800  grams.    Diet,  oats  and  hay. 

June  6:  2.30  p.  m.,  12  cc  of  2  per  cent  caffein  (0.3  gram  per  kilo)  administered  by 
mouth;  3  p.  m.,  reflexes  increased;  5  p.  m.,  increase  of  reflexes  greater  than  at  3 
p.  m. 

June  7:  9  a.  m'.,  found  dead;  onlv  a  few  cubic  centuneters  of  urine  passed  since 
4  p.  m..  Autopsy:  Heart  and  blood  vessels  injected;  lungs  congested;  small  intes- 
tines congested  slightly.  » 
Guinea  pig  ISl,     White  and  yellow  male.     Weight,  860  grams.    Diet,  oats  and  hay, 

Jime  6:  2.40  p.  m.,  12  cc  2  per  cent  caffein  administered  by  mouth;  3  p.  m.,  reflexes 
increased;  5  p.  m..  reflexes  still  more  marked. 

June  7:9a.  m.,  found  dead,  pig  passed  about  5  cc  urine  since  4  p.  m.  of  previous  day. 
Autopsy:  Same  as  in  No.  130. 
Guinea  pig  ISS.,    White  and  black  male.    Weight,  1,000  grams.    Diet,  oats  and  hay, 

June  9:  4  p.  m.,  7.5  cc  2  per  cent  caffein  solution  injected  subcutaneously  into  the 
back;  4.50  p.  m.,  reflexes  increased. 

June  10:  9.30  a.  m.,  more  sensitive  than  normal  guinea  pigs^  but  reflexes  not  quite  so 
marked  as  at  5  p.  m.  previous  day,  about  15  cc  mine  passed  smce  caffein  was  injected, 
reduction  of  Fehling's  solution  considerable,  no  albumin. 

June  13:  Alive  and  in  good  condition.    Appetite  good.    (Note. — Parallel  test  with 
urine  from  two  guinea  pigs  which  did  not  receive  caffein  failed  to  show  reduction  of 
Fehling's  solution.) 
Guinea  pig  1S7.    White  and  brown  male.     Weight,  925  grains.    Diet,  oats  and  hay. 

June  9:  4  p.  m.,  7  cc  2  per  cent  solution  caffein  injected  subcutaneously;  4.50 p.  m., 
reflexes  increased. 

June  10:  Reflexes  less  marked  than  at  5  p.  m.  previous  day,  but  is  more  sensitive 
than  normal  s:uinea  pif,  about  10  cc  urine  passed  since  injection  of  caffein,  moderate 
amount  of  reauction  of  Fehling's  solution. 

June  13:  Guinea  pig  alive,  appetite  good,  condition  good. 

June  16:  9  a.  m.,  found  dead. 
Guinea  pig  135,    White  and  black  male.    Weight,  955  grams.    Diet,  hay  and  oats, 

June  9:  3  p.  m.,  7.5  cc  2  per  cent  caffein  solution  given  by  mouth  through  stomach 
tube;  4.50  p.  m.,  reflexes  increased. 

June  10*.  Reflexes  less  than  on  previous  day  and  less  marked  than  in  No.  136,  a  few 
cubic  centimeters  dirty  brown  urme  collectea  but  could  not  be  tested  for  reduction. 

June  13:  Condition  good,  appetite  good. 

June  16:  9  a.  m.,  found  dead. 
Guinea  pig  1S4>    White  and  brown  male.    Weight,  740  arams.    Diet,  hay  and  oats. 

June  9:  2.55  p.  m.,  6  cc  warm  2  per  cent  caffein  solution  given  by  mouth  through 
stomach  tube;  4.50  p.  m.,  reflexes  increased. 
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June  10:  9.30  a.  m.,  reflexes  much  less  than  day  before,  increase  slight,  a  few  cubic 
centimeters  of  lurine  passed  since  injection  of  caffein,  looked  brown  and  dirty,  could 
not  be  tested  for  reducing  substances. 

Jime  13:  Guinea  pig  alive,  appetite  good,  condition  good. 

June  14:  9  a.  m.,  found  dead. 
Ouinea  pig  128.     White  and  black  male.     Weighty  1,075  grams.    Diet,  hay  and  oats. 

June  7:  10  a.  m.,  11  cc  2  per  cent  caffein  by  mouth  through  stomach  tube;  11.10 
a.  m.,  no  symptoms,  no  urine  passed;  1  p.  m.,  increased  reflexes,  about  15  cc  (esti- 
mated) urine  passed:  4  p.  m.,  reflexes  increased,  still  more  urine  passed  (about  20  cc); 
4.50  p.  m.,  tetanus,  nreauent  attacks,  then  paralysis  and  death  at  4.58  p.  m.  Autopsy: 
Lungs  congested;  olooa  vessels  of  heart  injected;  intestines  slightly  congested;  fatty 
liver. 
Ouinea  pig  126.     White  and  gray  male.     Weight,  980  grams.    Diet,  oats  and  hay. 

June  7:  9.40  a.  m.,  9.8  cc  2  per  cent  caffein  given  by  mouth  through  stomach  tube; 
10  a.  m.,  no  symptoms;  11.10  a.  m.,  no  urine  passed,  reflexes  increased;  1  p.  m.,  more 
sensitive  than  before;  4  p.  m.,  increase  of  reflexes  more  marked,  no  urine  passed;  4.45 
p.  m.,  about  15  cc  urine  collected;  5  p.  m.,  no  change. 

Jime  8:  9  a.  m.,  reflexes  about  the  same  as  5  j).  m.  previous  day,  no  urine  passed 
since  4.45  p.  m.  jjrevious  day,  considerable  reduction  of  Fehling's  solution j  much  more 
than  urine  of  guinea  pig  No.  127;  11.05  a.  m.,  convulsions;  12  noon,  still  alive  and 
stretched  out  on  abdomen;  died  at  1  p.  m.  Autopsy:  Lungs  badlj  con^ted;  heart 
and  blood  vessels  injected;  blood  vessels  of  kidney  and  of  small  mtestmes  injected; 
liver  engoiged  with  blood;  a  few  necrotic  spots  in  stomach. 
Guinea  pig  127.     White,  black,  and  brown  male.     Weight,  760  grams.    Diet,  oats  and  hay. 

June  7 :  9.50  a.  m.,  7.6  cc  2  per  cent  caffein  by  mouth  through  stomach  tube;  10  a.  m., 
no  symptoms;  11.10  a.  m.,  reflexes  increased,  no  urine  passed ;  1  p.  m.,  very  sensitive; 
4  p.  m.,  sensitiveness  increased,  about  20  cc  urine  passed;  5  p.  m.,  no'change. 

June  8:  9  a.  m.,  reflexes  about  the  same  as  5  p.  m.  previous  day;  9.30  a.  m.,  guinea 
pig  passed  30  cc  urine  since  he  received  caffein,  urine  showed  a  moderate  amount  of 
reduction;  12  noon,  convulsions;  died  at  2.30  p.  m.  Autopsy:  Lungs  congested; 
blood  vessels  of  heart  and  of  intestines  injected;  numerous  necrotic  spots  in  stomach; 
other  organs  apparently  normal. 

Examination  of  the  protocols  shows  that  the  absorption  of  caffein  from  the  gastro- 
intestinal canal  was  quite  rapid,  symptoms  having  been  observed  as  early  as  20  min- 
utes after  its  introduction.  The  duration  of  life,  it  will  be  remarked,  varied  with  the 
size  of  the  dose.  When  approximately  3  decigrams  per  kilo  were  fed,  all  the  animals 
died  in  the  night.  They  lived ,  therefore,  less  than  18  hours.  Two  decigrams  per  kilo 
were  likewise  fatal,  but  the  duration  of  life  was  longer.  To  decide  whether  or  not  this 
is  the  smallest  fatal  dose,  smaller  amounts  were  fed.  It  seemed  at  first  that  about  150 
mg  per  kilo  was  the  smallest  toxic  dose,  and  about  200  mg  per  kilo  the  minimum  fatal 
dose.  Macroscopic  examination  of  the  organs,  however,  threw  some  doubt  on  this 
supposition,  for  well-marked  lesions  were  noticed  in  all  of  the  guinea  pigs  which 
received  0.2  gram  per  kilo.  It  is  quite  possible,  therefore,  that  the  minimum  fatal 
dose  may  be  somewhat  higher,  as  we  have  reason  to  believe  that,  at  least  in  some  patho- 
logic conditions,  the  susceptibility  to  caffein  is  increased.  The  presence  of  fetty 
changes  in  the  liver  of  No.  128  and  the  rapid  death  in  this  case  lends  especial  support 
to  this  view.  Hence,  the  minimum  fatal  dose  is  probably  greater  than  0.2  gram  per 
kilo  for  the  normal  guinea  pig.  The  doses  employed  for  the  tests  on  guinea  pigs  Nos. 
129, 130,  and  131  may  be  considered  therefore  the  minimum  fatal  dose  for  these  animals. 
It  will  be  also  remarked  that  macroscopical  examination  of  the  organs  of  these  animals 
failed  to  reveal  the  presence  of  severe  lesions.  That  the  minimum  toxic  dose  is  prob- 
ably much  smaller  than  0.28  gram  per  kilo  is  indicated  by  the  experiments  on  guinea 
pigs  Nos.  135  and  134,  in  which  0.15  gram  caffein  per  Idlo  induced  mild  symptoms 
in  from  two  to  three  hours.  Both  of  these,  however,  and  also  No.  137  died  four  to  six 
days  after  the  drug  was  fed.  As  already  pointed  out,  caffein  may  be  a  factor  in  the 
delayed  death  of  guinea  pigs  which  received  moderate  doses  of  it.  That  this  suppo- 
sition may  also  be  true  for  guinea  pigs  Nos.  134, 135,  and  137  is  indeed  made  probable 
by  the  observation  that  after  moderate  amounts  of  caffein  sjonptoms  may  persist  in 
the  guinea  pig  for  about  24  hours,  and  also  by  the  fsict  that  the  secretion  of  urine  in 
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these  animals  was  very  scanty,  as  shown  in  the  preceding  record  of  the  experiments; 
this  means  slow  elimination  of  caffein  and  its  products  of  decomposition.  It  is  con- 
ceivable that  the  presence  of  toxic  amounts  of  caffein  in  the  body  for  a  considerable 
length  of  time  would  induce  changes  that  ultimately  lead  to  the  death  of  the  animal 
or  that  morbid  processes  are  set  up  by  the  combined  action  of  ca£fein  and  some  pre- 
existing poison.  Since  some  guinea  pigs,  however,  survived  the  doses  indicated,  it 
is  more  probable  that  such  changes  would  be  brought  about  by  caffein  in  the  presence 
of  a  preexisting  poison.  The  death  of  these  pigs,  apd  also  of  No.  137  several  days  later, 
is  difficult  to  account  for  on  any  other  theory  than  the  one  suggested.  Were  it  not  for 
the  fact  that  controls,  that  is,  animals  of  the  same  lot  which  had  not  received  caffein 
survived  all  of  the  experimental  animals,  changed  conditions  of  environment  or  acci- 
dent might  be  considered  the  cause  of  death  in  the  guinea  pigs  of  the  last  series. 

Table  6. — SubcutaneouB  injection  of  guinea  pig», 
SERIES  A. 


Num- 
ber of 
pig. 

Weight. 

Caffein 
per 

Appearance  of 
symptoms. 

Duration  of  Ufe. 

Diet. 

Month. 

Remarks. 

18 

Oranu, 

no 

548 
442 

Oram. 

0.300 
.290 
.360 

2mlnates 

2  hours  40  minutes. . 
30  minutes 

Carrots...... 

Oats 

do 

March,.... 

...do 

...do 

Femate. 

15 

Do. 

14 

15  minutes 

do 

Do. 

SERIES  B. 


497 
570 
820 

618 
850 


a200 
.210 
.200 

.194 
.200 


2  hoars  20  minutes . 

25  minutes 

1  hour  25  minutes.. 


1  hoar  30  minutes. 


3  hours  30  minutes. 
2  hours  15  minutes. 
Leas  tlian  18  hours. 


25  hours.. 
18  hoars.. 


Oats.....*... 

April 

Carrots 

February. 

Carrots  and 

...do 

oats. 

Oats 

March 

Carrots  and 

February. 

oats. 

Female. 
Male. 
Do. 

Female. 
Male. 


SERIES  C. 


66 

510 

0.200 

65 

510 

.200 

60 

320 

.219 

67 

350 

.200 

66 

785 

.200 

69 

585 

.200 

61 

330 

.240 

63 

335 

.238 

70 

545 

.238 

71 

540 

.240 

72 

560 

.232 

None 

do 

1  hour  15  minutes. 

do 

25  minutes 

20  minutes. 

1  hour  30  minutes. 

Ihonr 

50  minutes 

45  minutes 

35  minutes 


5da3rs 

Survived 

Within  18  hours.... 

About  2}  days 

Less  than  22  hours. 

0da3r8 

Less  than  24  hours. 

do 

About  2  days 

do 

About  3  days 


Oats 

do 

do 

do 

....do 

....do 

....do 

....do 

....do 

....do 

do 


October 
..do.... 
..do.... 
..do.... 
..do.... 
..do.... 
..do.... 
..do.... 
..do.... 
..do.... 
..do.... 


Male. 

Do. 
Female. 

Do. 
Male. 

Do. 
Female. 

Do. 
Male. 

Do. 

Do. 


SERIES  D. 


49 
40 

510 
630 

435 
820 

660 
470 

0.160 
.158 

.160 
.150 

.150 
.170 

1  hour  40  minutes.. 

Less  thanlS  hours... 
Less  than  2  days. . . . 

Oats 

Oats  and 

carrots. 

Oats 

Oats  and 

carrots. 

do 

Oats(f) 

March 

February. 

March 

February. 

...do 

March,.... 

Male. 
Do. 

45 

None 

Female. 

39 

2day8 

Male. 

41 

Survived 

do 

46 

1  hour  20  minutes.. 

Female. 

SERIES  E. 


19 

656 

a  100 

42 

490 

.120 

48 

480 

.116 

44 

635 

.112 

97 

330 

.100 

98 

620 

.100 

None... 

do.. 

....do.. 
....do.. 
....do.. 


Survived. 

do 

do 

do 

do 

About  3  days.. 


Oats 

do... 

do..., 

do..., 

....do... 
Carrots.. 


April 

February. 

...do 

...do 

November 
...do 
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Table  7. — Injection  into  peritoneal  cavity;  guinea  pigs, 
SERIES  A. 


Nam- 

berof 

pig. 

Weight. 

Caflein 
per 
kilo. 

Appearance  of 
symptoms. 

Duration  of  Ufe. 

Diet. 

Month. 

Remarks. 

41 

Grairu. 
700 
370 
550 
290 

Oram. 

a  130 
.135 
.127 
.138 

2  hours 

2  hours  15  minuted. 

Ibour 

2  hours.... 

22  hoars 

Ojts 

do 

do 

do 

AprU 

...do 

March 

April 

Male 

49 
47 
80 

Survived 

do 

do 

Do. 

Female. 

Do 

SERIES  B. 


51 

415 

a  144 

62 

450 

.155 

53 

490 

.163 

None... 

do.. 

....do. 


Survived.. 

....do 

....do 


Oats... 

do., 

....do.. 


October. 

..do 

..do 


Female. 
Male. 
Do. 


SERIES  C. 


59 

375 

380 
440 
690 

0.200 

.200 
.200 
.188 

15  minutes 

Survived 

Oats 

do 

do 

do 

October... 

...do 

...do 

...do 

Gray and 
white. 

Male 

58 
56 

10  minutes 

15  minutes 

do 

Hdays 

3  hours  30  minutes. . 

55 

Ihour 

Do 

SERIES  D. 


67 

330 
340 
305 

a240 
.235 
.260 

fimlnntfff..  , 

dominates 

Oats 

do 

do 

October... 

...do 

...do 

Male 

63 

Survived 

4  hours  40  minutes... 

Do 

64 

25  minutes... 

Female 

Table  8. — Caffdn  by  mouth;  guinea  pigs. 
SERIES  J. 


Nam- 

Caffdn 

berof 
pig. 

Weight 

iSS. 

Omnu. 

Oram. 

129 

855 

0.280 

130 

800 

.300 

131 

860 

.280 

135 

955 

.150 

134 

740 

.160 

1137 

925 

.150 

1136 

1,000 

.150 

126 

980 

.200 

127 

760 

.200 

128 

1.075 

.200 

Appearance  of 
symptoms. 


Duration  of  life. 


Diet. 


Month. 


Remarks. 


40  minutes 

30  minutes 

20  minutes. 

1  hour  50  minutes. . 

3  hours 

50  minutes 

do 

20  minutes 

1  hour 

3  hours 


Less  than  8  hours. 
Less  than  18  hours 

....do 

6days 

4  days 

6  days 

Survived 

27  hours 

28  hours 

7  hours 


Hay  and  oats 

do 

....do 

....do 

....do 

....do 

....do 

....do 

....do 

....do 


June 

..do 

..do 

..do 

..do 

..do 

..do 

..do 

..do 

..do 


Male. 
Do. 
Do. 
Do. 
Do. 
Do. 
Do. 
Do. 
Do. 
Do. 


>  Sabcataneous  injection  for  comparison. 


SUMBfART. 


A  survey  of  the  results  obtained  in  experiments  on  guinea  pigs  shows  that  the  mode 
of  introduction  of  caffein  exerts  but  little  influence  on  its  toxicity.  On  careful  analy- 
ma  it  will  be  observed  that  the  rate  of  absorption  after  the  administration  of  caffein  by 
mouthy  subcutaneously,  or  intraperitoneally  is  about  the  same  for  the  time  of  appear- 
ance of  symptoms.  The  persistence  of  the  symptoms  of  caffein  intoxication  observed 
in  these  experiments  for  24  hours  after  administration  points  to  slow  elimination, 
which  may  be  expected,  owing  to  the  &ct  that  the  guinea  pigs  passed  but  little  urine 
and  caffein  is  not  diuretic  for  these  animals.  The  prolonged  presence  of  caffein 
in  the  body  probably  exerts  a  harmful  influence  or  after  effect,  which  may  account 
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for  the  delayed  death  of  some  animals  many  days  after  a  single  doee  of  caffein  was  given. 
Among  the  feurtors  which  undoubtedly  influence  toxicity,  season  should  be  considered, 
while  the  presence  of  a  diseased  condition  undoubtedly  tends  to  decrease  the  resist- 
ance of  the  guinea  pig  to  caffein.  Diet  was  without  any  influence  on  the  toxicity  of 
the  single  dose  of  caffein. 

EXPBBIMBNTS  ON  CATS. 

These  experiments  were  performed  on  well-fed  animals  which  were  kept  under 
observation  for  several  days  before  the  tests  with  caflein  were  made.  The  diet  con- 
sisted of  meat  exclusively.  In  some  cases  the  luine  was  examined  for  albumin  and 
sugar  before  caflein  was  given.  No  tests  with  caffein  were  made  if  laige  amounts  of 
albumin  were  found.  It  may  be  remarked  that  sugar  was  never  found  in  cats  before 
the  administration  of  caffein,  but  that  considerable  amounts  of  it  were  found  in  some 
cases  after  it  was  given.  Studies  by  various  modes  of  administration  were  made,  by 
subcutaneous  injection,  intraperitoneally,  or  by  mouth.  Attention  was  also  directed 
to  the  resistance  to  caflein  in  young  cats,  several  experiments  on  kittens  being  made 
with  this  object  in  view. 

SUBCTTTANBOrrS  INJECTION. 

Rest  stated  that  caflein  is  eliminated  in  the  luine  unchanged  after  its  introduction 
into  the  body  and  that  the  amounts  found  varied  with  different  species  of  animals. 
In  the  rabbit  the  amount  eliminated  was  about  21  per  cent;  in  the  dog  about  8  per  cent; 
and  in  the  cat  somewhat  less  than  2.5  per  cent.  It  would  appear,  therefore,  that  the 
cat  decomposes  caffein  more  readily  than  the  rabbit  or  dog;  its  resistance  consequently 
ought  to  be  greater  than  that  of  the  other  animals.  Moderately  laige  doses  were  accord- 
ingly employed  in  the  preliminary  experiments  (series  A),  but  the  results  obtained,  as 
shown  in  the  protocols,  indicated  that  caffein  is  fully  as  toxic  for  the  cat  as  for  the 
rabbit  or  dog.  The  doses  were  then  decreased  and  experiments  were  performed  in 
order  to  ascertain  the  smallest  toxic  as  well  as  the  smallest  fatal  dose. 

Series  A 

Three  decigrams  of  caffein  per  kilo  were  administered  in  these  experiments.  The 
results  are  shown  in  the  following  protocols: 

Cat  4.    Black  and  white.     Weighty  1,440  grajna. 

May  26:  10.05  a.  m.,  22  cc  2  ner  cent  caffein  (0.3  gram  per  kilo^  injected  subcuta- 
neously;  11.10  a.  m.,  copious  salivation,  cat  irritable,  muscular  stiffness  present,  but 
no  tetanus;  11.45  a.  m.,  cat  restless,  convulsions,  attacks  of  short  duration^  no  paralysis 
observed  after  the  convulsions,  pupils  dilated;  4.45  p.  m.,  cat  quiet,  slight  paralysis 
present. 

May  27:  Cat  exhausted. 

May  28:  Found  dead. 
Cat  6,    Black  and  white  male.     Weight,  1,396  ^amM, 

June  3:  10  a.  m..  21  cc  of  2  per  cent  caffein  (0.3  gram  per  kilo)  injected  subcuta- 
neoualy;  12  noon^  found  dead. 

Although  there  was  considerable  difference  in  the  duration  of  life  following  the 
injection  of  the  same  dose  of  caffein  per  kilo,  the  final  outcome  was  the  same,  as  both 
cats  died  from  the  effects  of  the  drug.  One  died  within  2  hours  and  the  other  lived 
more  than  30  hours  after  its  administration.  Three  dedgiams  of  caffein  per  kilo  is, 
therefore,  surely  fatal  to  these  animals.  Tests  made  with  smaller  doses  are  shown  in 
the  following  experiments: 

Series  B. 

In  these  experiments  the  doses  employed  ranged  between  0.20  and  0.25  gram  caffein 
per  kilo. 
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Cat  3,    Black  and  white  female.    Weighty  2,854  grams.    Well  fed. 

June  4:  10.30  a.  m.,  35  cc  2  per  cent  cafiein  (0.25  gram  per  kilo)  injected  subcuta- 
neoiiBly;  11  a.  m.,  found  dead. 
Cat  6.    Black  and  white.     Weight,  1.645  grams. 

June  3:  20  cc  2  per  cent  cafiein  (0.243  gram  per  kilo)  injected  subcutaneoualy  at  3 
p.  m.f  cat  grew  very  irritable  in  a  few  minutes;  about  4.  p.  m.  reflexes  decidedly 
increased;  5  p.  m.,  cat  paralyzed. 

June  4:  Gat  found  dead. 
Cat  8.    Weight,  1,735  grams. 

October  7:   4  p.  m.,  22  cc  2  per  cent  caffein  (0.25  fnxa.  per  kilo)  injected  subcuta- 
neoufily  in  the  back;  4.30  p.  m.,  cat  irritable,  salivation  profuse,  convulsions;  died  at 
5.30  p.  m.;  no  urine  passed  after  caffein  was  given. 
Cat  9.    Weight,  1,960  gravis. 

October  7:  3.45  p.  m.,  25  cc  2  per  cent  caffein  (0.25  gram  per  kilo)  injected  subcuta- 
neously  in  the  back;  4.45  p.  m.,  cat  very  irritaole,  repeated  attacks  of  convulsions, 
BaUvation  copious;  died  at  5.30  p.  m.;  cat  did  not  urinate  after  injection  of  caffein. 
Cat  It.    Striped  hUen.    Weight,  1,185  grams. 

October  9:  Urine  examined,  no  albumin,  no  sugar;  1.45  p.  m.,  12  cc  2  per  cent 
caffein  administered;  5  p.  m.,  cat  alive,  no  symptoms  except  salivation  and  general 
irritability. 

October  10:  10.30  a.  m.,  found  dead.    About  15  cc  urine  collected,  but  no  examina- 
tion made. 
CaiU^    Black.    Weight,  1,855  grams. 

October  8:  1.40  p.  m.,  18.5  cc  2  per  cent  caffein  (0.2  gram  per  kilo);  3  p.  m.,  cat 
became  restless  abdut  10  minutes  after  caffein  was  injected;  cried  persistently  and 
moved  about  in  cage,  no  convulsions,  cat  urinated  about  15  cc,  cat  defecated. 

Octob^  9:  9  a.  m.,  cat  found  dead  in  cage.  Urine  gave  very  heavy  reduction  of 
Fehling's  solution  (much  more  than  was  obtained  from  urine  of  rabbits);  20  cc  urine 
analyzed  contained  4.65  per  cent  sugar.  Autopsy:  Lungs  deeply  congested;  liver 
marked  faXty  infiltration  and  degeneration;  spleen  normal;  kidneys  pale  and  anemic; 
intestines  normal;  stomach  normal. 
Cat  15.    Striped.     Weight,  t,145  grcms. 

October  8:  2  p.  m.,  22  cc  (0.2  gram  per  kilo)  2  per  cent  caffein  injected  subcutane- 
ously;  2.30  p.  m.,  cat  irritable,  restless,  trying  to  get  out  of  cage,  crying  persistently; 
2.40,  convulsions  lasting  about  two  minut^,  tnen  cat  raised  itself  and  made  attempts 
to  get  out  of  cage,  no  ssuivation,  cat  urinated  about  10  cc  and  defecated. 

October  9:9  a.  m.,  cat  found  dead  in  cage,  about  10  cc  of  urine  contained  enormous 

Suantities  of  sugar.    Autopsy:  Lungs  severely  congested;  liver  showed  marked  fatty 
egeneration;  spleen  normal;  kidneys  slightly  pale  and  anemic;  intestines  mildly  con- 
gested; stomach  normal. 
Cat  19.    White.    Weight.  1,100  gram^. 

October  20:  13  cc  of  2  per  cent  caffein  (0.236  jgram  per  kilo).  About  15  minutes 
later  cat  became  irritable,  reflexes  increasSMi,  persistent  cr)dng,  stifEnees  of  extremities, 
diarrhea  present;  4.30  p.  m.,  stiffness  of  muscles,  coordination  much  disturbed,  walked 
with  great  difllculty ;  4.30  p.  m.,  no  new  symptoms,  persistent  crying  continued^ 

October  21:  Found  dead. 
CatiO.   WhiU  kitten.    Weight,  790  grarns. 

October  20:  11.35  a.  m.,  10  cc  2  per  cent  caffein  (0.25  gram  per  kilo)  siven  subcu- 
taneously;  12  noon,  convulsions  followed  by  paraljrsis;  1.30  p.  m.,  still  bseathing, 
apparently  in  comatose  condition,  lay  on  its  side,  dyspnoea,  profuse  salivation;  4  p.  m., 
convulsions  and  death. 

The  results  of  the  experiments  of  series  B  show  that  a  dose  of  even  0.2  caffein  per  kilo 
is  very  toxic  for  the  cat.  Symptoms  appeared  in  one  animal  40  minutes  after  the  injec- 
tion of  caffein.  Some  of  them  were  found  dead  18  hours  after  injection,  which  means  that 
the  duration  of  life  was  probably  a  great  deal  less  since  there  was  evidence  that  they 
had  been  dead  for  some  time.  Death  occurred  quite  soon  after  larger  doses  were 
injected .  Cat  No.  3  died  30  minutes  after  it  received  caffein.  The  amounts  employed 
in  these  experiments  can  not  be  considered  therefore  as  the  minimum  fAtsl  doses. 
Smaller  doses  were  then  tried,  as  shown  in  the  experiments  of  the  next  series. 
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Series  C. 

Experiments  were  performed  on  five  cats  which  received  from  140  to  155  mg  per  kilo, 
as  follows: 

Cat  24,    Striped.     Weight,  1,300  grams, 

October  25:  10  a.  m.,  50  cc  urine,  albimiin  moderate  amount — ^no  sugar;  10  cc  caffein 
injected  subcutaneously  at  12  noon;  12.30,  irritable,  cried  persiBtenuy,  no  appetite; 
4  p.  m.,  no  convulsions,  but  persistent  crying. 

October  27:  Cat  was  still  ah ve. 
Cat  17,     Weighty  tfitO  grams, 

October  12:  9.30  a.  m.,  65  cc  urine  collected;  more  than  a  trace  of  albiunin  present, 
no  reduction  of  Fehling's  solution;  3  p.  m.,  20  cc  2  per  cent  caffein  (150  mg  per  kilo) 
injected  subcutaneously;  3.15  p.  m.,  irritable  and  restless. 

October  13:  9  a.  m.,  about  15  cc  urine  collected,  reduction  of  Fehling's  solution 
marked;  osazone  test  also  positive. 
Cat  tS,    Black  and  white.     Weight,  1,645  prams. 

October  25:  10  a.  m.,  140  cc  urine  collected  (since  October  23),  small  amount  of 
albimiin  present,  no  sugar. 

October  27 :  9  a.  m.,  no  albumin;  no  sugarin urine;  11.50  a.  m.,  12.5  cc  caffein  injected 
subcutaneously  (0.15  gram  per  kilo);  1  p.  m.,  convulsions  and  death. 
Cat  7.    Striped  kitten.     Weight,  1,285  grams. 

October  11:  Urine  collected,  no  albumin,  no  sugar;  9.50  a.  m.,  10  cc  2  per  cent  caf- 
fein  injected  subcutaneously  in  the  back;  10.10,  violent  convulsions  lastmg  about  30 
seconds;  10.20,  convulsions  of  shorter  duration;  lO^dO  convulsions;  10.35,  convulsions 
lasting  a  few  seconds;  urine  passed  about  10.20,  contained  a  moderate  amount  of  albu- 
min, but  there  was  no  reduction  of  Fehling's  solution;  10.45,  profuse  salivation  and 
paralysis;  died  about  10.50. 
Cat  39,     Yellow,     Weight,  2,285  grams. 

April  13:  2.40  p.  m.,  16  cc  2  per  cent  caffein  (0.14  gram  per  kilo)  injected  subcu- 
taneously in  the  back;  3.45  p.  m.,  cat  died. 

Of  the  five  experiments  of  this  series  three  died  after  doses  of  140,  150,  and  155  mg 
per  kilo.  The  other  two  showed  symptoms  of  toxicity,  but  stirvived  a  dose  of  150  mg 
per  kilo  which  indicated  that  the  minimum  fotal  dose  was  probably  reached.  To  test 
this  supposition  smaller  doses  were  administered,  as  shown  in  the  following  experi- 
ments. 

Series  D. 

Ten  cats  were  used  for  this  series  of  experiments,  and  the  doses  administered  varied 
between  103  and  139  mg  per  kilo.  The  results  shown  in  the  appended  table  (p.  — )  in- 
dicate that  about  120  to  140  mgof  caffein  per  kilo  may  induce  mild  symptoms  in  some 
cases.  The  conclusion  may  be  safely  drawn  therefore  that  150  mg  per  kilo  is  approxi- 
mately the  minimum  fotal  dose  for  the  cat  when  the  drug  is  given  subcutaneously. 
That  smaller  doses  are,  however,  by  no  means  to  be  r^arded  as  sJways  safe  is  shown  in 
the  following  experiments. 

Series  E. 

Cat  43,     Weight,  3,225  grains. « 

September  14: 10.20  a.  m.,  20  cc  2  per  cent  caffein  (0.124 gram  per  kilo)  injected  into 
the  back;  11  a.  m.,  tetanus  and  death.    AtUopsy:  Lungs  congested;  liver  congested 
and  showed  hemorrhagic  spots  in  capsules  and  fotty  degeneration;  kidneys  slightly 
congested;  other  organs  normal. 
Cat  43.    Black  female.     Weight,  3,050  prams. 

September  14: 18  cc  2  per  cent  caffein  (0.118  eraih  per  kilo)  injected  subcutaneously 
in  the  backj  10.30  a.  m.,  violent  convulsions  and  deam.  Autopsy:  Lungs  congested  in 
spots  diowing  numerous  petechia;  liver  congested;  spleen  congested;  other  organs 
normal. 

The  diminished  resistance  to  caffein  of  cats  Noe.  43  and  48  might  be  due  to  the 
pathologic  changes  found  on  autopsy,  for  evidence  is  not  wanting  that  the  toxicity 

aOat  probably  old;  had  been  in  the  laboratory  for  several  weeks  before  the  experimeot.  Qained  in 
weight  175  grams. 
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of  drugs  might  be  greatly  altered  under  pathological  coaditionB.  Hunt^  has  shown 
that  resistance  to  acetonitril  is  considerably  diminished  in  chronic  alcoholism.  This 
seems  to  be  true  also  of  other  drugs  under  abnormal  conditions.  Smaller  doses  of 
atropin^^  are  required  in  lead  poisoning  than  imder  normal  conditions  to  produce 
the  same  results.  The  following  experiment  is  of  interest  in  this  connection,  for  in 
this  case  a  much  smaller  dose  than  was  given  in  experiments  Nos.  43  and  48  produced 
the  typical  symptoms  of  caffein  poisoning  and  proved  to  be  fatal. 

Cat  47,  hUick  and  white  male.    Weight,  4,£20  grame, 

September  15:  Received  subcutaneously  18  cc  2  per  cent  caffein  (0.084  gram  per 
kilo);  no  symptoms  observed  for  about  six  hours. 

September  16:  No  symptoms. 

September  17:  Weight,  4,250  grams;  iojected  18  cc  2  per  cent  caffein  (0.084  gram 
per  kilo);  tetanus  and  death  after  two  hours.  AtUopsy:  Severe  hemorrhagic  pneu- 
monia; kidneys  pale,  other  organs  normal. 

Since  two  controls  survived  the  same  dose  in  proportion  to  the  body  weight  of  the 
animal  without  showing  any  symptoms,  the  assumption  is  justified  that  the  lower 
resistance  to  caffein  was  due  to  the  presence  of  pneumonia,  ^us  affording  additional 
support  to  the  view  that  the  toxicity  of  caffein  may  be  increased  in  disease. 

IKJBCTION'  INTO  THB  PHBITONBAXa  CATTTT. 

These  experiments  were  carried  out  on  full-grown  and  on  young  subjects.  As  in 
previous  experiments,  doses  of  different  sizes  were  employed.  A  dose  of  0.2  gram 
per  kilo  was  tried  first  and  then  reduced  gradually  to  0.1  gram  per  kilo. 

Cat  10.    Female.     Weight,  t, 970  grams. 

October  9,  1909:  1.30  p.  m.,  30  cc  2  i>er  cent  caffein  (0.2  gram  per  kilo)  injected 
into  the  peritoneal  cavity;  urine  examined  for  albimiin  and  sugar,  negative;  cat 
found  dead  at  2.30  p.  m.    No  luine  in  the  bladder. 
Cat  16.    Black  female.     Weight,  t,4tO  grams. 

October  9, 1910:  Urine  examined  for  albumin  and  sugar,  negative;  2.30  p.  m.,  22  cc 
2  per  cent  caffein  (0.183  gram  per  kilo)  injected  into  the  peritoneal  cavity;  found 
dcttul  at  3  p.  m. 
Cat  99.    Well-fed  gray  female.    Weight,  3  kilos. 

June  22, 1911:  3.40  p.  m.,  15  cc  2  per  cent  caffein  injected  into  peritoneal  cavity; 
salivation  and  markea  irritability  within  one  hour  after  iojection. 

June  24:  Alive,  appetite  good. 
Cat  98.    Well-fed  black  male.    Weight,  4^100  grams. 

Jime  22:  3.45  p.  m.,  20.5  cc  2  per  cent  caffein  (0.1  gram  per  kilo)  injected  into 
peritoneal  cavity;  very  irritable  a  few  minutes  after  injection,  no  other  symptoras. 

Jime  24:  No  symptoms,  appetite  good. 
Cat  9S.    Black  and  white.    Weight,  1,450  grams. 

June  22:  3  p.  m.,  30  cc  2  per  cent  caffein  (0.137  gram  per  kilo)  injected  into  peri- 
toneal cavity;  salivation,  no  other  symptoms;  under  observation  until  6  p.  m. 

June  23:  9  a.  m.,  no  urine,  cat  showed  no  symptoms. 

June  24:  9  a.  m.,  no  symptoms,  took  nourishment  as  usual. 
Cat  87.     Well-fed  white  female.     Weight,  g, 615  grams.  ^ 

June  23:  2.45  p.  m.,  19  cc  2  per  cent  caffein  (0.145  gram  per  kilo)  iojected  into  peri- 
toneal cavity;  became  irritable  and  restless. 

June  24:  9  a.  m.,  no  symptoms,  took  nourishment  as  usual. 
Cat  97.    Gray.    Age,  3  months.     Weight,  500  grams.    Diet,  meat. 

June  24:  2.25  p.  m.,  5  cc  2  per  cent  caffein  (0.2  gram  per  kilo)  injected  into  peri- 
toneal cavity:  4  p.  m.,  no  symptoms. 

June  29:  Died. 
Cat  96.    Gray  and  white.    Age,  3  months.     Weight,  575  grams.    Diet^  meat. 

June  24:  2.20  p.  m.,  4  cc  2  per  cent  caffein  (0.139  gram  per  kilo)  injected  into  peri- 
toneal cavity:  3.55  p.  m.,  no  symptoms. 

June  30:  Died. 
Cat  95.    Black.    Age,  about  3  months.     Weight,  860  grams.    Diet,  m£at. 

June  24:  10.15  a.  m.,  8.6  cc  2  per  cent  caffein  injected  into  peritoneal  cavity,  sali- 
vation immediately  after  injection;  10.25,  convidsionB  and  paralysis;  died  10.45  a.  m. 
Autopsy:  Macroscopical  examination  of  the  organs,  negative. 
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Cat  94'    Black  and  white.     Weight,  790  grams.    Age,  about  S  mcmths.    Diet,  meat. 

June  24:  10  a.  m.,  8  cc  2  per  cent  caffein  injected  into  peritoneal  cavity;  4  p.  m.. 
under  continual  observation  since  injection,  cat  very  irritable,  respiration  more  rapid 
than  normal,  diarrhea  j)re8ent. 

Examination  of  the  above  protocols  show  that  a  dose  of  2  decigrams  per  kilo  was 
fotal  within  one  hour  to  one  cat  and  that  a  somewhat  smaller  dose  killed  another 
individual  in  30  minutes.  Amounts  under  0.15  gram  per  kilo  were  just  sufficient  to 
induce  mild  symptoms,  such  as  increased  irritability  and  salivation,  which  disap- 
peared within  a  few  hours.  In  no  case  were  the  effects  noticeable  on  the  following 
day.  The  experiments  on  young  kittens  are  especially  interesting,  as  they  proved, 
contrary  to  expectation,  to  be  distinctly  more  resistant  than  full  grown  individuals. 
The  death  of  Nos.  97  and  96  within  five  and  six  days,  respectively,  can  not  be  ascribed 
to  caffein,  since  some  of  the  controls  also  died.  Moreover,  it  will  be  remarked  in 
this  connection  that  no  symptoms  appeared  in  three  of  the  four  young  kittens  after 
the  administration  of  a  dose  which  was  rapidly  fatal  to  adult  cats.  The  rapid  death 
of  No.  95  after  the  same  dose  forms  an  exception  which  can  not  be  accounted  for,  as 
macroscopical  examination  at  autopsy  proved  n^;ative. 

ADMINISTRATION  BT  MOUTH. 

Two  decigrams  per  kilo  were  given  at  first,  but  it  was  found  that  this  amount  was 
surely  fotal.  The  dose  was  therefore  reduced  to  0.125  gram  per  kilo.  In  all  of  these 
experiments  caffein  was  given  by  means  of  a  soft  rubber  catheter  slipped  over  the 
stem  of  a  funnel  which  served  as  a  stomach  tube.  A  2  per  cent  aqueous  solution  was 
used  throughout  these  tests  except  in  one  case  in  which  caffein  was  given  mixed 
with  the  food. 

Cat  9t.    Black  and  white  female.    Weighty  1,750  grami. 

Jirne  10:  12.05  p.  m.,  14  cc  2  per  cent  caffein  (0.16  gram  per  kilo)  given  by  mouth; 
cat  was  quiet  when  tied  on  holder,  stru^led  only  a  little  when  tube  was  put  into 
stomach;  12.30  p.  m.,  cat  vomited,  no  other  symptoms. 

June  13:  Conaition  good,  appetite  good. 
Cat  87.    White  female.     Weight,  t,620  grams.    Diet,  meat. 

Jime  5:  2.15  p.  m.,  20  cc  2  per  cent  caffein  (0.15  gram  per  kilo)  solution  admin- 
istered by  mouth  through  stomach  tube;  2.30  p.  m.,  cat  irritable,  but  no  other  symp- 
toms; 5  p.  m.,  condition  about  the  same,  except  that  it  was  more  irritable  and  showed 
some  stimiess  of  the  extremities. 

June  13:  Alive  and  in  good  condition,  appetite  good,  not  irritable. 
Cat  91.    White  female.     Weight,  3,050  orams. 

June  10 :  12  noon,  23  cc  (0. 15  gzam  per  kilo)  of  2  per  cent  caffein  administered  by  mouth, 
cat  struggled  violently;  1.30,  salivation;  1.40  p.  m.,  convidsions;  died  at  2  p.  m. 
Autopsy:  (Congestion  of  lungs,  liver,  and  spleen;  heart  vessels  injected;  other  organs 
normal. 
Cat  88.    Black  and  white  female.     Weight,  S,260  grams.    Diet,  meat. 

June  5:  2.20  p.  m..  25  cc  of  2  per  cent  caffein  f0.15  gram  per  kilo)  given  by  mouth; 
2.45  p.  jn.,  cat  irritable,  no  other  symptoms  (cat  aid  not  vomit  after  the  administration 
of  caffein);  4  p.  m.,  cat  found  dead.    Autopsy:  Liver  very  much  congested;  heart 
contracted;  body  was  still  warm  at  the  time  of  autopsy. 
Cat  90.    White  and  yellow  female.     Weight,  2,685  grams.    Diet,  meat. 

Jime  5:  3.15  p.  m.,  27  cc  of  2  per  cent  caffein  (0.2  eram  per  kilo)  given  by  mouth 
through  stomach  tube,  about  half  an  hour  later  cat  became  irritable  and  began  to 
salivate;  at  4.30  p.  m.  salivation  became  more  marked,  dyspnoea  was  well  developed, 
and  the  cat  was  quite  restless  and  had  tremors;  5  p.  m.,  short  spasms  of  posterior 
extremities^  but  lay  quietly  in  the  cage  most  of  the  tmie;  5.20  p.  m.,  convulsions  of 
short  duration  and  aeath,  muscular  relaxation  followed  immediately  after  convulsions, 
no  vomitinjg;,  diarrhea  observed  after  administration  of  caffein,  and  cat  passed  about 
10  cc  of  urme. 

June  6:  9  a.  m.,  found  dead. 
Cat  89.    White  and  black  female.     Weight,  2,860  grams.    Diet,  meat. 

June  5:  3.15  p.  m.,  28.6  cc  (0.2  gram  per  kilo)  of  2  per  cent  caffein  given  by  mouth 
through  stomacn  tube,  no  vomiting  observed,  nor  any  other  symptoms;  3.30,  found 
dead.    Autopsy:  Organs  ncucmal;  liver  congested. 
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Cat  82.    Gray  female.    March  3,  weight  ^^4^0  grams;  June  6,  weight  t, 750  groTns.    Diet, 
150  grame  of  meat  daily. 

June  7 :  Given  0.4125  gram  of  caffein  in  150  grams  of  meat,  did  not  eat. 

Jime  8:  Given  0.4125  gram  of  caffein  in  150  grains  of  meat,  refused  to  eat. 

June  9:  Given  150  grams  of  meat  without  caffein,  ate  all  of  it. 

June  10:  No  food  g;iven. 

June  11:  No  food  given. 

June  12:  Given  0.4125  gram  caffein  in  150  giams  of  meat  (150  mg  per  kilo),  ate  all 
of  it. 

JimelS:  Found  dead.    Autopsy:  Lungs  congested,  liver  congested;  other  organs 
apparently  normal. 
Cat  100.    Oray  female.     Weight,  tJ40  grams.    Diet,  meat. 

July  17 :  3  p.  m.,  17  cc  of  2  per  cent  caffein  (124  mg  per  kilo)  given  by  mouth  through 
stomach  tube  at  3.20  p.  m. ;  5  p.  m.,  very  irritable,  but  no  other  symptoms. 

July  18:  Under  observation  all  day,  no  symptoms. 
Cat  9S.    Black  and  white  female.     Weight,  1,640  ararns. 

July  17:  3.30  p.  m.,  10  cc  (0.125  gram  per  kilo)  of  2  per  cent  caffein  given  by  mouth 
through  stomach  tube. 

July  18:  Under  observation  all  day,  no  symptoms. 

From  the  resiilts  of  the  experin^ents  of  this  series  it  appears  that  0.15  gram  caffein 
per  kilo  may  be  feital  within  a  few  hours  after  its  administration,  even  if  the  drug  is 
mixed  with  a  moderate  amount  of  meat.  Experiments  87  and  92  show,  however,  that 
this  amount  may  be  borne  by  some  individuals  without  any  serious  consequences,  as 
the  cats  were  under  observation  for  some  time  after  they  received  caffein,  and  no 
untoward  symptoms  were  noticed  in  either  of  them  during  this  time.  It  may  be 
remarked  that  cat  No.  92  vomited  shortly  after  it  received  caffein.  It  is  practically 
certain,  therefore,  that  this  amount  of  caffein  in  proportion  to  the  weight  of  the  animal 
will  in  the  great  majority  of  cases  prove  &ktal,  and  perhaps  in  a  smaller  percentage  of 
individuals  it  is  surely  toxic  if  it  does  not  escape  absorption.  Smaller  doses  may 
cause  irritability  in  some  individuals,  but  symptoms  referable  to  nervous  symptoms 
of  muscles  were  absent,  as  in  experiments  Nos.  93  and  100.  The  minimum  fatal  dose 
of  caffein  for  the  cat  when  given  by  mouth  is,  therefore,  0.15  gram  per  kilo. 

Table  9. — SubaUaneous  injection;  cats. 
SERIES  A. 


Num- 
ber. 

Weight. 

Cafleln 
perkUo. 

Symptoms. 

DuraticmofUfB. 

4 

Grams. 
1.440 
1,396 

Onm. 
0.30 
.30 

65minates 

Over  29  hours. 

5 

About  2  hours. 

SERIES  B. 

a 

SERIES  C. 


3 

2,854 
1,645 
1,735 
1,960 
1,185 
1,855 
2,145 
1,100 
790 

a25 

.243 

.25 

.25 

.20 

.20 

.20 

.236 

.25 

30  minutes. 

6 

Few  mln«it4W. 

1  hour  30  minutes. 

8 

30  minutes 

Ihour. 

9 

Ihour 

Ihour  45 minutes. 

12 

3  hours I 

Less  than  18  hours. 

14 

Ihour  20 minutes 

Do. 

15 

40  minutes 

Do. 

19 

15  minutes 

Do. 

20 

4  hours  30  minutes. 

24 

1,300 
2,620 
1,645 
1,285 
2,286 

0.153 
.15 
.15 
.165 
.14 

1  hour 

Survived. 

17 

15  m  tnutes 

Do. 

23 

Ihour  lOTittDQteSt 

7 

20  minutes 

Ihour. 

u9 

66  minutes. 
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Table  9. — Subcutaneous  injection;  c<rf«— Continued. 

SERIES  D. 


59 


Num. 
bexw 

Weight. 

Cafldn 
perkUo. 

Symptoms. 

Duration  of  life. 

13 

Onms, 
730 
1,165 
965 
1,605 
1,625 
2,335 
2,710 
1,785 

2,326 

Oram. 
ai39 
.138 
.103 
.125 
.125 
.128 
.120 
.123 
.112 
.120 

Restlessness 

21 

None 

25 

do 

26 
27 
28 
40 
41 
42 
38 

do 

do 

do 

do 

do 

do 

Mild 

Received  2  doses;  survived. 

Do. 

Do. 

Do. 
Died  after  second  dose 

SERIES  E.i 


43 

3,225 
3,050 
4,220 
4,250 

0.124 
.118 
.084 
.084 

40  minutes. 
Died  soon  after. 
Survived. 
2  hoars. 

48 

47 

•47 

^  Pathological  conditions.  '  Two  days  after  first  Injection. 

Table  10. — Injections  into  peritoneal  cavity;  cats. 


Num- 
ber. 

Weight. 

Ca£tein 
perkjlo. 

Sjrmptoms. 

Duration  of  life. 

99 

Onms, 

3,000 

4,100 

1,450 

2,615 

505 

575 

860 

790 

2,970 

2,420 

0mm. 

0.100 
.100 
.137 

,.145 
.200 
.139 
.200 
.200 
.200 
.183 

Mild 

Survived. 

98 
93 

do.i 

Very  mild 

Do. 
Do. 

87 
97 

do 

None 

Do. 

5  days. 

6  days. 

30  minutes. 

96 
96 

do 

15  minutes 

94 

Diarrhea 

Survived. 

10 

Ihour. 

16 

30  minutes. 

1  In  tow  minutes. 
Table  11. — Administration  ofcafftin  I 


'  mouth;  eats. 


No. 

Welgjit 

Gaffeln 
perkito. 

Symptoms. 

Duration  of  life. 

91 

Omm». 
3,060 
3,260 
1,750 
2,620 
2,685 
2,860 
2,460 
2,740 
1,640 

0mm. 

.0.15 
.15 
.16 
.15 
.20 
.20 
.15 
.124 
.125 

1  hour  40  minutes 

2  hours. 

88 

92 

25  minutes ■. 

Survived. 

87 

3  hours 

Do. 

90 

1  hour  15  minutes 

Less  than  18  hours. 

89 

75  minutes. 

82 

Less  than  24  hours. 

100 

1  hour  40  minutes 

Survived. 

98 

Do. 

SUMMART. 


The  toxicity  of  caffein  in  cats  is  shown  to  be  the  same  when  given  by  mouth  as 
when  injected  subcutaneonsly,  the  minimum  &tal  doses  in  both  cases  being  0.15 
gram  per  kilo.  When  introduced  by  the  intraperitoneal  route,  caffein  is,  on  the 
contrary,  distinctly  less  toxic.    After  the  administration  of  0.137  and  0.145  gram 
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caffein  per  kilo  (Noe.  93  and  87)  salivation  in  one  cat  (No.  93)  and  irritability  and 
muscular  stiffnees  in  the  other  were  the  only  effects  noticed.  These  s3anptom8  were 
no  longer  observed  the  next  day  and  the  cats  appeared  to  be  perfectly  normal.  Experi- 
ments with  larger  doses  indicate  that  the  minimum  fsAal  dose  by  this  method  of 
administration  is  about  0.2  gram  per  kilo. 

EXPEBIMENTS  ON  DOaS. 

The  experiments  were  carried  out  on  well-fed  adult  dogs  and  on  puppies,  kept 
under  observation  for  some  time  before  the  drug  was  administered.  Only  those 
manifesting  no  signs  of  abnormality  were  used  for  these  tests.  Caffein  was  given  by 
mouth  mixed  with  10  to  20  grams  of  meat,  or  subcutaneously  in  2  per  cent  aqueous 
solution.  The  young  animals  received  caffein  dissolved  in  milk.  The  determination 
of  the  minimum  toxic  or  fatal  doses  when  the  drug  was  fed  presented  considerable 
diflficulty,  as  in  many  instan^ces  the  ingestion  of  the  drug  was  closely  followed  by 
vomiting. 

ADMIXISTRATION'  BY  MOUTH. 

Series  A. 

The  effective  dose  in  these  experiments  showed  considerable  variation.  One  dog 
(No.  38)  died  after  a  dose  of  0.12  gram  caffein  per  kilo,  while  some  subjects  survived 
doses  of  0.2  and  0.23  gram  per  kilo.  In  the  12  experiments  given  in  Table  12,  page  62, 
it  will  be  noticed  that  from  0.12  to  0.152  gram  per  kilo  proved  fetal  to  three  dogs, 
while  three  others  siurvived  the  same  amounts  in  proportion  to  the  body  weight.  The 
results  were  the  same  with  laiger  doses.  It  may  be  observed  in  this  connection  that 
in  the  case  of  the  five  dogs  in  which  vomiting  was  noticed  some  time  during  the  24 
hours  following  the  administration  of  caffein,  four  survived.  No.  38  being  the  exception. 
The  greater  toxicity  of  caffein  in  this  case  is  in  all  probability  due  to  some  morbid 
process,  the  presence  of  which  was  indicated  by  the  high  temperature  of  this  subject. 

That  vomiting  may  avert  a  fatal  issue  after  laiger  doses  of  caffein  is  made  further 
probable  by  experiment  on  dog  No.  48,  for  which,  in  the  absence  of  vomiting,  a  dose  of 
0.2  gram  of  caffein  per  kilo  proved  fetal.  On  this  supposition  the  discrepancy  in  the 
results  obtained  in  this  series  may  be  readily  explained.  The  smallest  doses  which 
proved  fatal  in  these  experiments  were  0.145  and  0.152  gram  per  kilo.  No.  38,  which 
died  from  a  dose  of  0.12  gram  per  kilo,  may  be  considered  as  an  exception,  as  this  subject 
was  not  normal.  Experiments  with  caffein  on  dogs  were  made  at  various  other  times 
in  this  laboratory  but  failed  to  show  that  smaller  doses  of  caffein,  even  when  vomiting 
did  not  occur  after  its  administration,  were  fetal,  although  toxic  effects  were  observed. 
The  conclusion  is  therefore  justified  that  the  minimum  fetal  dose  of  caffein  for  the 
normal  dog  is  about  0.15  gram  per  kilo  when  given  by  mouth. 

SUBCUTANBOUS  INJECTION. 

Series  B. 

To  determine  the  toxicity  of  caffein  more  accurately,  especially  for  comparison 
with  animals  of  other  species,  the  subcutaneous  method  of  administration  was  also 
used.  The  injections  were  made  with  a  syringe  of  20  cc  capacity,  the  contents  of 
which  were  introduced  into  contiguous  areas.  The  results  of  experiments  on  six 
dogs  indicate  that  approximately  150  to  160  mg  per  kilo  is  the  minimum  fetal  dose, 
since  such  doses  proved  fetal  to  two  out  of  the  three  animals  receiving  this  amount, 
while  three  others  which  received  doses  of  from  143  to  160  mg  per  kilo  survived. 
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flXPHRIMENTS  ON  PUFPIBS. 

ISERIES  C. 

In  theee  experiments  the  resistance  of  young  growing  puppies  to  caffein  was  studied. 
Caffein  was  given  by  mouth  to  all  the  subjects  except  one,  to  which  it  was  administered 
subcutaneously.  The  protocols,  only  a  few  of  which  are  given,  and  the  tabulated 
data  of  the  experiments  (p.  62)  show  that  the  age  of  the  animal  has  a  decided 
influence  on  the  toxicity  of  caffein. 

Doa  1 1 .     WeiaJUf  1 ,260  grama. 

August  2:  At  10  a.  m.  given  12.5  cc  of  2  per  cent  of  caffein  through  stomach  tube; 
2  p.  m.,  had  convulsions,  diarrhea,  salivation,  and  sti^ess  of  limbs. 

August  3:  Found  dead  9  a.  m.  Autopsy:  Thoracic  viscera  apparently  normal; 
stomach  immensely  distended  and  filled  with  a  white,  cheesy  mass  and  some  fluid; 
round  worms  plentiful  in  stomach  and  small  intestine;  mucosa  of  entire  intestine 
^congested;  contents  of  lower  intestine  congested;  liver  pale;  spleen  flabby;  kidney 
congested. 
Dog  10.     Weighty  1,650  grama. 

jfuly  26:  9.30  a.  m.,  29  cc  of  2  per  cent  caffein  added  to  60  cc  of  milk  offered,  but 
refused,  and  was  therefore  fed  by  mouth  through  stomach  tube;  10.25  a.  m.,  no 

rptoms;  11.30  a.  m.,  restlessness,  extremities  stiff,  post,  extremities  spread  apart, 
_  shows  well-marked  symptoms  of  caffein  poisoninc;;  12.10  p.  m.,  symptoms  more 
severe,  extremities  extended  and  spread  out,  is  lying  flat  on  belly  so  that  nose  touches 
floor  of  the  cage;  12.40  p.  m.,  found  dead;  was  alive  at  12.10  p.  m.  Autopsy:  Limes 
showed  hemorrhagic  foci  in  all  lobes;  heart  apparently  normal;  liver  fatty;  stomacn 
and  intestines  filled  with  round  worms;  spleen  and  ladney  apparently  normal. 
Doa  9.     Weight,  8,000  grama. 

July  25:  350  mg  caffein  per  kilo;  5  p.  m.,  lying  down  most  of  the  time,  occasionally 
walks  about  in  stall;  restlessness  present,  out  not  marked;  5.30  p.  m.,  vomit  which 
looked  frothy  and  mucilaginous  noticed  on  the  floor  of  the  stall;  no  meat  particles 
noticed  in  vomit,  though  searched  for;  whines  occasionally. 

July  26:  9  a.  m.,  looks  well;  no  signs  of  the  effect  of  caffein  given  the  day  previous. 
Dog  8.     Yellow  female.     Weight,  8,100  grama. 

hAy  22:  10.50  a.  m.,  received  1.1  grams  of  caffein  in  10  grams  of  meat  (354  me  caffein 
per  kilo);  3  p.  m.,  vomited  mucus;  gait  clumsy;  refused  to  eat;  continually  drinking 
water;  very  restless;  4  p.  m.,  convulsions  set  in  at  3.55  p.  m.:  tonic  rigidity  of  the 
posterior  extremities;  profuse  salivation;  convulsions  were  botn  tonic  and  clonic  in 
character,  and  resembled  those  seen  in  rabbits  in  caffein  intoxication;  a  striking 
feature  was  the  duration  of  the  spasm,  which  began  at  3.55  p.  m.  and  kept  up  for  more 
tluui  two  hours. 

July  23:  Found  dead  at  9  a.  m. 

The  data  recorded  in  the  table  and  in  the  protocols  of  the  experiments  of  series  C 
show  that  four  out  of  the  seven  animals  experimented  upon  died  in  lees  than  24  hours 
after  caffein  was  fed;  three  of  these  received  300  to  354  mg  caffein  per  kilo,  and  one 
received  200  mg  caffein  per  kilo.  No.  8  vomited  four  hours  after  caffein  was  given. 
No  vomiting  was  observed  in  the  other  three  dogs.  From  0.300  to  0.350  gram  of 
caffein  per  kilo  may  be  regarded,  therefore,  as  surely  fatal  to  young  growing  puppies. 
That  this  is  in  all  probability  the  minimum  lethal  dose  appears  from  the  following 
experiments:  No.  9,  which  received  350  mg  per  kilo,  vomited  one  hour  after  and 
survived,  which  indicates  that  some  of  it  was  probably  not  absorbed.  The  amount 
which  entered  the  circulation  was  therefore  less  than  350  mg  per  kilo.  Since  No.  15, 
which  received  250  mg  caffein  subcutaneously,  likewise  survived,  the  probabilities 
are  that  300  to  350  mg  per  kilo  were  the  minimum  fatal  doses  for  these  animals.  More- 
over, No.  12,  which  received  200  mg  caffein  per  kilo,  survived,  no  vomiting  having 
been  observed .  The  case  of  No.  11 ,  in  which  the  same  amount  of  caffein  in  proportion 
to  body  weight  proved  fcital,  may  be  explained  perhaps  by  the  flndings  of  the  autopsy. 

The  results  obtained  in  these  experiments  justify  the  conclusion  that  young  growing 
dogs  can  stand  larger  doses  of  caffein  than  full-grown  and  older  dogs. 

Attention  may  also  be  called  here  to  the  difference  in  the  symptoms  produced  by 
caffein  in  very  young  and  in  adtdt  dogs.    It  was  often  noticed  in  these  experiments 
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that  the  symptoms  in  older  subjects  when  given  toxic  doses  of  caffein  set  in  rather 
abruptly  and  ended  in  iuBtantaneous  death.  We  failed  to  observe  this  phenomenon 
after  the  administration  of  large  amounts  of  caffein  to  very  young  dogs,  in  which  tonic 
and  clonic  convulsions  alternating  with  paresis  were  observed.  These  symptoms  set 
in  rather  gradually  and  lasted  several  hours  (see  experiment  No.  8),  resembling  the 
rabbit  in  this  regard. 

SUMMART. 

The  toxicity  of  caffein  for  adult  dogs  is  about  the  same,  whether  given  by  mouth 
or  injected  subcutaneously.  The  resistance  of  puppies  to  caffein  is  much  greater  than 
that  of  adults. 

Table  12. — Administration  by  mouth;  dogs.    (Series  A.) 


No. 

Weight. 

Caffein 
perkUo. 

Results. 

Remarks. 

47 

Kilos. 
13.60 
12.76 
7.95 
13.60 
6.50 

23.10 

11.50 
12.00 

13.40 
13.15 
14.60 

10.30 

Oram. 
0.144 
.200 
.200 
.147 
.230 

.120 

.174 
.200 

.200 
.152 
.120 

.146 

Survived 

Vomiting  observed. 

65 

56 
5? 

do 

Found  dead  next  day. . 
Survived 

Stiffness  of  muscles;  no  other  symptoms. 

57 
39 

48 
48 

54 

do 

do 

do 

Found  dead  next  day.. 

Survived 

Vomited  after  1  hour;  convulsioiis  after  1  hour  and  45 
minutes. 

Increased  frequency  of  respiration,  thirst,  loss  of  appe- 
tite, vomited  rest  of  day  when  he  drank  water,  sali- 
vation, restlessness,  passed  fnces  frequently. 

Vomiting  observed. 

No  vomiting  observed.  Second  dose  was  given  8  days 
afterflrst. 

Vomiting  observed. 

Symptoms  after  1}  hours:  Dog  had  a  temperature  of 
lOi"  F.  before  caffein  was  given;  vomited  3  boors 
after  caffein  was  fed. 

49 
38 

18 

Found  dead  next  day. . 
do 

do 

Table  13. — Subcutaneous  injection;  dogs.     (Series  B.) 


No. 

Weight. 

CaffiBtn 
perkUo. 

Results. 

6? 

Kilos. 

9.30 
14.00 
12.00 
14.00 

7.20 

14.60 

Gram. 
0.161 
.160 
.150 
.150 
.160 

.143 

Survived 

Restlessness  and  vomiting  one-half  hour  after  injection. 
Restle^ness  1  hour  after  injection. 

61A 
63 

Found  dead  next  day. . 
Survived 

64 

do 

Restlessness  and  thirst  45  minutes  after  Injection. 

69 
61 

Died  1  hour  and  20 
minutes  after  injec- 
tion. 

Survived 

Table  14. — Administration  by  mouth  to  puppies.    (Series  C.) 


No. 

Wei^t 

Caffein 
per  kilo. 

Result 

Remarks. 

8 
9 

Kilos. 
3.10 

3.15 

1.60 
1.26 
1.28 
1.20 
3.50 

Oram. 
a364 

.350 

.360 
.200 
.200 
.250 
.300 

Found  dead  next  day . 
Survived    

appetite,  thirst,  Incoordination  of  muscles,  convul- 
sions. 

10 
11 
1? 

Diedln3houi9 

Found  dead  next  day . 

vomited  1  hour  after  caffein  was  given. 
Convulsion;  no  vomiting. 
Salivation;  convulsions. 
No  symptoms. 

15 
16 

do 

Dledlnlhour 

Subcutaneous  injection. 

Convulsions  45  minutes  after  caffein  was  fed. 
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CHBOVIC  CAFFEDT  DTTOXICATIOV. 

The  object  of  this  study  was  to  ascertam  the  effect  of  repeated 
dosage  when  caffein  was  given  daily  or  at  longer  intervals.  The 
experiments  were  tried  on  rabbits  and  on  dogs.  As  in  the  experi- 
ments on  acute  intoxication,  the  animals  were  imder  observation  for 
some  time  in  the  laboratoiy  before  the  administration  of  caffein 
was  begun  in  order  to  ascertain  the  presence  or  absence  of  abnor- 
mality. The  relation  of  diet  to  toxicity  received  some  attention, 
but  the  question  was  not  studied  exhaustively  in  the  present  inves- 
tigation. 

EXPEBIHSNTS  ON  BABBITS. 

FuU-grown  adult  as  weU  as  young  rabbits  were  employed.  The  diet  consisted 
either  of  carrots  or  of  oats;  water  was  given  ad  libitum.  The  rabbits  were  kept  in 
metal  cages  in  a  well-lighted  and  well-ventilated  room.  Unnecessary  handling  or 
any  other  procedure  tending  to  &tigue  or  to  cause  discomfort  to  the  animals  was 
very  carefidly  avoided,  since  we  had  found  that  such  treatment  was  likely  to  decrease 
the  resistance  of  the  rabbit  to  caffein.  The  caffein  was  administered  by  feeding  by 
mouth  and  through  a  stomach  tube,  or  by  the  subcutaneous  method.  In  a  good  many 
cases  it  was  given  daily,  in  some  at  longer  intervals. 

Sebies  a. 

The  experiments  of  this  series  formed  a  preliminary  study  for  the  purpose  of  testing 
the  effect  of  moderate  doses.  One  decigram  of  caffein  per  kilo  was  given  daily  for 
several  days;  when  administered  at  longer  intervals  the  dose  was  increased  to  150  to 
200  mg  per  kilo.  It  was  found  that  the  smaUer  doses  did  not  produce  any  symptoms; 
even  the  weights  of  the  animals  were  not  influenced.  Doses  of  medium  size  given  on 
two  successive  days  were  likewise  without  any  noticeable  effect  (Nos.  182, 183,  123, 
101).  When  a  third  dose  of  this  size  was  given  within  48  or  24  hours  it  proved  fatal 
(Nos.  123, 182,  and  183).  Exceptionally,  however,  moderately  large  doses  (for  rabbits) 
may  be  given  for  three  consecutive  days  without  fatal  issue,  as  in  rabbit  No.  101. 
When  given  at  intervals  of  two  to  three  days,  larger  doses,  as  may  be  seen  from  the 
protocols,  can  be  administered  without  caiising  acute  death  (Nos.  173,  181,  201). 

The  results  of  the  tests  of  this  series  point  to  the  absence  of  any  accumulation  and 
to  the  possible  elimination  of  moderate  doses  of  caffein  and  its  products  of  decom- 
position within  24  hours  or  thereabouts.  When  the  doses  are  larger  the  time  of  its 
elimination  is  apparently  longer,  as  shown  by  the  fact  that  repetitions  of  the  dose  the 
next  day  may  be  fatal,  but  when  a  longer  interval  is  allowed  it  may  be  given  without 
causing  death.  It  will  be  observed  that  only  one  rabbit  of  this  series  survived,  but 
it  was  extremely  emaciated.  This  condition  has  been  observed  in  a  number  of  cases 
after  caffein  had  been  given  for  several  days.  Even  when  the  drug  was  withdrawn 
the  animals  continued  to  lose  weight.  This  may  be  explained  by  the  condition  of 
the  gastro-intestinal  canal  as  found  at  autopsy.  The  presence  of  inflanmiation  of  the 
mucous  membrane  of  the  stomach  and  intestines,  with  ulceration  of  the  mucous  mem- 
brane of  the  pylorus  in  one  of  the  rabbits  (No.  173)  of  the  series,  in  all  probability 
caused  diminution  or  loss  of  appetite,  which  of  itself  would  tend  to  cause  loss  of  flesh 
and  strength  and  finally  death.    Protocols  of  the  experiments  follow. 
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Rabbit  17S.    Carrots  were  fed  from  October  1  to  18  and  oats  for  the  remainder  of  the  experi- 
ment. 


Date. 

Weight. 

Caflein 
perUlo. 

Date. 

Weight. 

Caflein 
per  kilo. 

Oct.  9 

OravM. 
1,980 
1,905 
1,930 

Oram, 
0.141 
.190 
.207 

Oct.  16 

GrofM. 
2,005 
1,845 
1,740 

Oram. 
0.220 

Oct.  11 

Oct.  18 

Oct.  13 

Oct.  20 

.230 

October  21:  Paralysis  of  posterior  extremities. 

October  22:  9  a.  m.,  found  dead. 

The  urine  was  examined  before  and  after  the  administration  of  caffein.  No  symp- 
toms were  observed  after  the  administration  of  caffein  (5  doses  in  11  dayB)^  nor  was 
albumen  or  sugpar  found  in  ihe  urine  after  anv  of  the  experiments  on  Uiis  rabbit. 
Autopsy:  Pyloric  mucosa  exhibited  several  ulcers:  small  intestines  showed  slight 
inflammation;  liver  deeply  congested;  Iddneys  showeMd  marked  inflammation  of  cortex; 
other  organs  practically  normal. 

Rabbit  181,    Diet,  carrots  September  29-October  i7,  then  oats. 


Date. 

Weight. 

Caflein 
per  kilo. 

Date. 

Weight. 

Caflein 
per  kilo. 

Oct.  4 

QratM. 
1,425 
1,450 
1,270 
1,210 
1,375 
1,305 

Oram. 
0.105 
.100 
.100 
.100 
.130 
.153 

Oct.  11 

Oromt. 
1,370 
1,385 
1,345 
1,030 
1230 
1,215 

Ofum, 
0.176 

Oct.  5 

Oct.  13 

.180 

Oct.  6 

Oct.  16 

.200 

Oct.  7 

Oct.  17 

Oct.  8 

Oct.  18 

Oct.  9 

Oct.  20 

Rabbit  was  markedly  emaciated  and  weak, 
urine  as  a  result  of  caffein  feeding. 

Rabbit  182.    Diet  of  carrots  from  September  29. 
Received  caffein  subcutaneously  as  follows: 


No  albumen  or  sugar  found  in  the 


Date. 

Weight. 

Caflein 
per  kilo. 

Date. 

Weight. 

CaflMn 
per  kilo. 

Oct.  4 

QntM. 
1,765 
1,880 
1,750 
1,710 

Oram. 

0.100 

.100 

.100 

.100 

Oct.8 

QravM. 
1,685 

Oram. 
.136 

Oct.  5 

Oct.  9 

.160 

Oct.  6 

Oct.  11 

1,606 

.174 

Oct.  7 

October  12:  11  a.  m.,  23  hours  after  caffein  was  given,  convulsions  with  recovery; 
rabbit  died  at  1.30  p.  m.  No  sugar  was  found  in  the  urine  at  any  time  after  the 
administration  of  caffein.    Albumen  was  present  only  in  one  specimen. 

Rabbit  188.    Diet  of  carrots  from  September  29, 
Received  caffein  subcut^eously  as  follows: 


Date. 

Weight. 

Caflein 
per  kilo. 

Date. 

Weight 

Caflein 
per  kilo. 

Oct.  4 

OratM, 
1,386 
1,460 
1,385 
1,240 

Gnm. 

0.100 

.100 

.100 

.122 

Oct.8 

Oranu. 
1,310 
1,390 
1,390 

Oram. 
0.168 

Oct.  6 

Oct.9 

.142 

Oct.  6 

Oct.  11 

.187 

Oct.7 

October  12:  9  a.  m.,  found  dead, 
sample  contained  sugar. 


No  albumen  was  found  in  the  urine.    Only  one 
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RahbU  Its.     WkiU,  female.    Diet,  oats. 
Received  caffein  subcutaneously  as  follows: 


Date. 


Apr.  14 
Apr.  16. 
Apr.  17 


Weight. 


Oramt. 
2,350 
2,250 
2,325 


Cafleln 
per  kilo. 


Oramt. 
42 
90 


Date. 


Apr.  20 
Apr.  21 
Apr.  22, 


Weight. 


Oramt. 
2,126 
1,965 
1,876 


Caffein 
perkUo. 


Oramt. 
141 
152 
160 


Rabbit  died  30  minutes  after  last  injection  of  caffein.  Autoptu:  Stomach  exhibited 
marked  inflammation  of  mucosa.  Slight  enteritis.  Liver  and  kidneys  were  deeply 
congested  and  dark  colored. 

Babbit  No.  101,  white  male.    Diet.  oats. 
Received  caffein  subcutaneously  as  follows: 


Date. 

Weight. 

Caffein 
per  kilo. 

Date. 

Weight 

Cafl^ 
per  kilo. 

I'm--  i«  . 

Oramt. 
2,025 
1,970 
2,009 
1,855 
1,738 

Oram. 
0.100 
.100 
.100 
.100 
.114 

Mar.  24...  . 

Oramt. 
1,815 
1,830 
1,710 
1,734 
1,006 

Oram. 
0.166 

Mftf  19 

Mar.25 

.185 

Mftf^ 

Mar.  26 

176 

Var.M 

Mar.29 

.219 

MfiT-n 

Apr.l 

.224 

April  5:  Found  dead.  Autopsy:  Marked  inflammation  of  gastric  mucosa.  Con- 
siderable enteritis  affecting  the  whole  extent  of  the  intestines;  liver  congested  and 
friable;  kidneys  deeply  congested  in  cortical  and  medullary  portions;  spleen  con- 
gested, but  of  normal  size;  lunss  and  heart  normal. 

Four  days,  0.1  per  kilo;  10  ooses  in  14  days. 
Rabbit  tOl.    Diet  of  carrots  begun  October  1;  October  19,  oats. 

Subcutaneous  injections  as  follows: 


Date. 

Weight. 

Caffein 
per  kilo. 

Date. 

Weight 

Caffein 
per  kilo. 

Oct.  9 

Oramt. 
1,000 
1,015 
1,065 

Oram. 
0.150 
.180 
.187 

Oct  16 

Oramt. 

1,065 

850 

890 

Oram. 
0.225 

Oct  11 

Oct  18 

Oct  13 

Oct.  20 

.111 

Under  observation  six  hours  October  20;  no  symptoms. 

October  23:  Died;  was  much  emaciated  but  did  not  show  any  symptoms;  emaciation 
set  in  when  caffein  was  withdrawn;  urine  never  contained  sugar  or  albumen;  symp- 
toms observed  after  second  dose  only. 

Series  B. 

The  question  whether  caffein  is  cumulative  in  the  rabbit,  suggested  in  the  preceding 
experiments,  was  the  subject  of  further  investigation  in  Series  B.  Caffein  was  given 
by  mouth  or  subcutaneously.  Carrots  formed  the  exclusive  diet,  a  measured  amount 
being  given.  The  rabbits  were  kept  under  observation  for  two  weeks,  except 
Nos.  370  and  373,  records  of  which  were  made  only  for  four  days  before  the  administia- 
tion  of  caffein  was  begun.  Caffein  was  given  by  mouth  in  experiments  of  Groups  I 
and  III.  Rabbits  292, 293,  and  295  received  daily  20  cc  water  by  mouth  for  four  days 
previous  to  the  administration  of  caffein,  while  in  the  rabbits  of  Group  II  the  caffein 
treatment  was  preceded  by  the  injection  of  0.8  per  cent  salt  solution  subcutaneously. 
The  object  in  both  cases  was  to  ascertain  whether  or  not  the  method  of  the  adminis- 
tration of  caffein  has  any  influence  on  the  animal,  but  observation  made  from  day  to 
18594*»— Bull.  148—12 5 
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day  fedled  to  show  any  effect  of  such  treatment.  About  1  decigram  of  caffein  per 
kilo  was  administered  daily,  with  occasional  intermissions.  Later  in  the  course  of 
the  experiment  the  doses  were  increased,  0.15  gram  per  kilo  being  the  mftTimiiTn  dose 
given.  Babbit  293  died  after  the  third  dose  with  symptoms  of  typical  caffein  poison- 
ing. The  administration  of  the  same  dose  of  caffein  was  continued  10  days  longer  in 
Noe.  292  and  295.  It  was  omitted  on  the  seventh,  fourteenth,  and  fifteenth  days  of 
the  experiment.  On  the  eighteenth  day  of  the  experiment  the  dose  was  increased  to 
150  mg  per  kilo  and  was  repeated  2  days  later.  No.  295  was  found  dead  the  next 
day.  No.  292  survived.  Rabbits  313  and  315  may  be  considered  together,  as  they 
were  treated  alike  in  every  respect.  The  initial  dose  of  100  mg  caffein  per  kilo  was 
finally  increased  to  122  mg.  After  the  twelfth  dose  the  emaciation  was  well  marked 
and  the  rabbits  were  very  weak.  No.  313  was  found  dead  2  days,  and  No.  315 
3  days,  after  the  last  dose  of  caffein  was  given.  It  should  be  remarked  in  this  con- 
nection that  symptoms  of  caffein  poisoning  were  never  observed  in  these  rabbits. 
Death  was  not  due,  therefore,  primarily  to  caffein,  but  the  rapid  loss  of  flesh  and 
strength  observed  during  the  last  few  days  suggests  that  it  was  due  to  malnutrition 
apparently  brought  about  by  caffein. 

The  results  obtained  by  subcutaneous  injection  of  caffein  are  g^ven  in  the  table 
as  Group  II.  The  initial  dose  of  100  mg  per  kilo  was  injected  daily.  No.  298  died 
after  the  second  dose.  Nos.  223  and  296  received  this  amount  daily  for  6  days. 
An  intermission  of  2  days  followed,  at  the  end  of  which  the  same  dose  was  given 
again.  The  next  day  it  was  increased  to  150  mg  per  kilo,  but  no  effect  was  observed ; 
48  hours  later  this  dose  was  repeated.  No.  223  was  found  dead,  but  its  mate  survived. 
Symptoms  of  acute  caffein  intoxication  were  not  observed  in  any  of  these  rabbits. 
It  would  seem,  therefore,  that  caffein  is  not  cumulative.  This  supposition,  however, 
appears  somewhat  contradictory  in  view  of  the  ^t  that  out  of  the  eight  rabbits  of 
this  series  six  died,  nor  could  any  cause  of  death  be  ascribed  other  than  caffein.  Also 
the  first  results  of  Experiments  293,  370,  and  373  might  be  considered  as  indicat- 
ing that  cumulation,  though  to  a  moderate  extent,  does  take  place,  since  in  these 
cases  reflexes  developed  after  the  drug  was  given  for  some  time.  But  this  view  is 
contradicted  by  the  results  of  Experiment  371,  in  which  150  mg  per  kilo  given  5 
days  after  the  daily  dosage  of  caffein  was  suspended  likewise  caused  increased  reflexes. 
Cumulation,  therefore,  does  not  account  for  the  effects  noted  in  the  other  rabbit.  It 
will  be  observed  that  rabbit  No.  370,  as  well  as  Nos.  371  and  373,  had  diarrhea  for 
several  days.  It  is  quite  possible  that  the  weakened  condition  rendered  the  rabbits 
more  sensitive  to  the  action  of  the  drug.  This  is  made  highly  probable  by  the  obser- 
vations recorded  in  the  experiments  on  acute  intoxication  with  caffein  in  which 
death  occurred  after  small  doses.  In  such  cases  some  pathological  condition  was 
often  disclosed  by  the  autopsy.  The  results  of  this  series  corroborate,  therefore,  those 
of  Series  A,  and  indicate  again  the  absence  of  cumulative  action.  The  results  ob- 
tained are  in  all  probability  due  to  malnutrition  and  other  conditions  brought  about 
by  congestion  of  the  viscera  and  consequent  injury  to  the  gastro-intestinal  canal. 
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Table  16. — Chronic  caffdn  intoxication  of  rabbits;  Series  B  on  cumulation. 


liar. 

Mar. 

Mar. 

Mar. 

Mar. 

Mar. 

Mar. 

Mar. 

Mar. 

Mar. 

Mar. 

Apr. 

Apr. 

Apr. 

Apr. 

Apr. 

Apr. 

Apr. 

Apr. 
Apr. 


\  1,440 
/         7 
\  1,335 
/         7 
\  1,310 

{  1,376 

J         7 

1,530 

1,315 

7 

1,140 

•'•(ly* 

1,265 
6 

1,176 
6 

1,110 
6 

.,090 

1,035 

6 

1,095 

1,160 

iVoo 

1% 
1% 

1,215 

1,260 
1,150 

766 

676 
715 
680 
696 
675 

700 
636 
700 
660 
686 

j  1.265 

1,105 

1,155 

1,160 

606 

/         7 
j  1,356 

{  1,385 

{  1,330 
J         7 
\  1,325 
i         7 
\  1,335 
i         7 
j  1,390 

6 
1,116 

6 
1,150 

6 
1,075 

6 
1,170 

6 
1,060 

6 
1,125 

5.5 
1,120 

6 
1,155 

6 
1,085 

6 
1,110 

6 
1,050 

6 
1,000 

6 
1,160 

6 
1,165 

6 
1,096 

6 
1,140 

6 
1,120 

6 
1,166 

6 

1,155 

6 

965 

Dead." 

695 
695 
630 
'  690 
625 
695 

4 
686 

4 
676 

4 
610 

4 
606 

4 
620 

4 
636 

200 

:::::' 

j  1,300 

{  1,385 
/         9 
\  1,260 
j 

1,005 

6 

1,090 

7.6 

1,010 

1,105 

6 

1,130 

7.5 

1,050 

1,060 
6 

1,090 
8 

1,110 

685 

4 

655 

580 
4 

630 

560 

630 

(•) 

J         9 
\  1,260 
Sur- 
vived. 

:!!!!!!! 

7.5 
1,000 
Dead. 

7.5 
1.090 
Sur- 
vived. 

8 
1.065 
Dead. 

Dead. 

beadl 

1  On  these  days  5  cc  of  salt  solution  was  administered  subcutaneously. 

s  Dead  Mar.  2.3. 

I  Found  dead  9  a.  m. 
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Table  17. — Chronic  intarication  of  rabbitSy  series  B,  Group  IVy  on  cumulatian, 

RABBIT.  370. 


Date. 

Weight. 

Carrots. 

Water. 

Urine. 

Caflein 
by     • 

Symptoms. 

Aug.  7 

OntM. 
2,155 
2,030 
2,106 
2,005 
2,106 
2,125 
2,120 
2,170 
2,175 
2,170 
2,175 
2,005 
2,120 
2,120 
2,120 
2,040 
2,030 
1,050 
i;885 

Granu. 
450 
450 
200 
450 
450 
450 
350 
450 
350 
360 
310 
180 
400 
400 
400 
400 
370 
215 
105 

ee. 
50 
26 
0 
SO 
65 
65 
25 
35 

35 
40 

70 
45 
35 
40 
35 

280 
185 
275 
335 
360 
220 
265 
275 
200 
250 
170 
285 
285 
310 
250 
265 
220 
120 
60 

i-aT 

Au£.8 

Aug.9 

Aug.  10 

Aug.  11 

50 
50 
50 
75 
75 
75 
100 
100 
125 
125 
125 
150 
150 
150 
200 

Aug.  12 

Aug.  13 

Aug.  14 

Aug.  15 

Aug.  16 

Aug.  17 

Aug.  18 

floTOTO  dlflrrtim. 

Aug.  19 

Do. 

Aug.  20 

Better. 

Aug.  21 

Do. 

Aug.  22 

Diarrhea  bad. 

Aug.  23 

Diarrhea  better. 

Aug.  24 

Do. 

Aug.  25 

Reflexes. 

Aug.  26 

Found  dead  at  9 

RABBIT,  373. 


Aug.  7. 
Aug.  8. 
Aug.9.. 
Aug.  10. 
Aug.  11. 
Aug.  12. 
Aug.  13. 
Aug.  14 
Aug.  15. 
Aug.  16. 
Aug.  17. 
Aug.  18. 
Aug.  19. 
Aug.  20 
Aug.  21. 
Aug.  22. 
Aug.  23. 
Aug.  24 
Aug.  25 
Aug.  26. 
Aug.  27. 
Aug.  28, 
Aug.  29 

Aug.  30 
Aug.  31. 


2,240 

450 

50 

230 

2,150 

150 

80 

300 

2,120 
2,150 
2,195 

205 
450 
450 

0 
15 
5 

150 
245 
285 

50 

2,160 

450 

65 

325 

50 

2,120 

300 

46 

190 

50 

2,195 

450 

40 

265 

75 

2,215 

850 

85 

200 

75 

2,205 

810 

46 

225 

75 

2,240 

400 

40 

265 

100 

2,255 

350 

30 

820 

100 

2,115 

185 

(?) 

170 

125 

2,115 

280 

85 

195 

125 

2,050 

175 

75 

115 

125 

2,060 

180 

75 

130 

150 

2,005 

200 

75 

125 

150 

1,900 

200 

75 

150 

150 

1,950 

255 

55 

132 

175 

1,870 

205 

80 

140 

None.... 

1,830 

200 

50 

140 

...do 

1,950 

400 

25 

265 

...do 

1,825 

400 

0 

315 

...do 

1,850 

10 

140 

...do 

1,835 

Severe  diarrhea. 
Diarrhea  better. 
Slight  diarrhea. 

Reflexes. 
Slight  diarrhea. 
Severe  diarrhea. 

Do. 

Do. 

Slight  diarrhea. 

Very  wealc  and  in  poor  condi- 
tion. 
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Table  17. — Chronic  intoxication  ofTabhUs^  $erie8  B,  Group  IV,  on  cumulation^-Contd. 

RABBIT,  371. 


Date. 

Weight. 

Carrots. 

Water. 

Urine. 

Cafloin. 

Symptoms. 

Aug.  7 

Grams. 
2,340 
2,260 
3,310 
2,295 
2.320 
2,280 
2.300 
2,265 
2,260 
2,295 
2,180 
2,150 
2,075 
2,075 
2,165 
2,105 
2,060 
2,105 
2,055 
2,040 

Grams. 
450 
450 
430 
450 
450 
450 
350 
425 
250 
155 
105 
125 
210 
280 
260 
400 
300 
250 
320 
190 

ce. 
50 
50 

50 
70 
70 
55 
40 
70 
70 
70 

70 
60 
50 
0 
15 
10 
75 

300 
225 
300 
305 
335 
400 
255 
154 
125 
LOBt.... 
120 
100 
192 
180 
225 
275 
145 
245 
176 
250 

^^r 

Aug.  8 

Aiig.O 

Aug.  10 



Aug.  11 

50 

50 

50 

75 

75 

76 

100 

100 

100 

100 

None.... 

...do 

...do 

...do 

160 
150 

Aug.  13 

Aug.  13 

Aug.  14 

Aug.  16 

Aug.  16 

Aug.  17 

Aug.  18 

Diarrhea  better. 

Aug.  19 

Diarrhea  aevere. 

Aug.  20 

Do. 

Aug.  21 

Diarrhea  better. 

Aug.  22 

Aug.  23 

Diarrhea  severe. 

Aug.  24 

Do. 

Aug.  25 

Reflexes. 

Aug.  25 

Died  at  1  p.  m.,  without  having 

showed  any  symptoms  other 
than  reflexes. 

Series  C. 

The  subjects  used  in  these  experiments  were  rabbits  of  medium  size  and  were  appar- 
ently young  or  at  any  rate  were  not  very  old.  The  series  was  planned  for  the  study 
of  the  possible  effect  of  diet  on  the  toxicity  of  caffein  when  given  for  some  time,  and 
therefore  oats  were  substituted  for  carrots,  which  had  been  fed  in  the  previous  work,  as 
already  stated.  Caffein  was  given  by  mouth  in  the  usual  way,  in  1  per  cent  solution, 
100  mg.  per  kilo  daily.  Fourteen  rabbits  were  used  for  these  tests.  Their  weights  were 
recorded  daily  and  observations  made  at  frequent  intervals  during  the  day. 

The  only  change  noticed  in  all  of  the  experiments  of  this  series  was  progressive  loss 
of  weight  which  set  in  from  3  to  8  days  after  the  administration  of  the  drug  was  begun. 
The  duration  of  life  varied  considerably.  No.  382  died  after  the  first  dose.  No.  389 
lived  2  days,  No.  386,  3  days,  and  No.  385,  5  days,  No.  390  lived  7  days  and  No.  404 
lived  20  days  after  the  administration  of  caffein  was  begun.  The  duration  of  life  in  all 
the  others  was  from  11  to  16  days.  The  findings  at  autopsy  are  interesting  and  suggestive 
as  regards  the  possible  explanation  of  the  effects  of  repeated  dosage  of  caffein .  In  eight 
of  the  rabbits  there  was  involvement  of  the  mucous  membrane  of  the  stomach  or  intes- 
tines or  of  both.  Since  the  same  condition  of  the  gastro-intestinal  canal  was  observed 
in  previous  experiments  with  caffein  when  injected  subcutaneously,  the  mere  passing 
of  the  tube  into  the  stomach  is  obviously  not  the  cause  of  this  condition.  The  fatal 
outcome  due  is  therefore,  as  was  suggested  above,  to  inanition  brought  about  by  the 
condition  of  the  gastro-intestinal  canal.  Moreover  parallel  experiments  carried  out 
on  rabbits  in  the  same  way  with  alcohol  survived  this  treatment  much  longer. 
Obviously  then  the  passing  of  the  soft  rubber  catheter  is  not  the  cause  of  this  conditioii 
of  the  gastro-intestinal  canal  nor  the  diet.  Babbits  were  fed  oats  exclusively  for  several 
months  in  this  laboratory  and  thrived.  The  presence  of  pneumonia  in  the  other 
rabbits  of  this  series  may  be  regarded  as  accidental,  as  it  is  inconceivable  that  one  or 
two  doses  of  caffein,  as  was  the  case  in  Nos.  382  and  389,  could  predispose  the  lungs  to 
infection.  The  results  of  these  experiments  therefore  are  in  harmony  with  those  of 
the  preceding  two  series,  indicating  that  caffein  does  not  accumulate  in  the  body ,  and 
that  the  toxicity  of  caffein,  whether  of  the  single  dose  or  of  repeated  doses  is  the  same, 
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on  a  diet  of  carrots  or  of  oats.  These  results  also  show  that  cafifein  is  much  more  toxic 
with  repeated  dosage.  As  stated  in  the  historical  part  of  this  bulletin  the  same  view 
was  held  by  Gourewitch.^ 

Rabbit  386.    Belgian  female. 
Given  1  cc  of  1  per  cent  caffein  for  each  100  grams,  through  stomach  tube. 


Date. 


Weight. 


Treat- 
ment. 


Date. 


Weight. 


Treat- 
meot. 


Aug.  17.. 
Aug.  18.. 


Oranu. 
1,300 
1,216 


13.0 
12.0 


Aug.  19.. 


Oram*. 
(?) 


cc. 
(?) 


August  20:  Found  dead  9  a.  m.    Autopsy:  Lungs  slightly  congested;  liver  engorged 
and  friable;  gall  cyst  well  filled. 
Rabbit  389.    Black  male. 

Given  1  cc  of  1  per  cent  caffein  for  each  100  grams,  through  stomach  tube. 


Date. 

Weight. 

Treat- 
ment. 

Date. 

Weight. 

Treat- 
ment. 

Aag.17 

Oravu. 
1,070 

cc. 
10.0 

Aug.  18 

Oraim. 
1,025 

cc. 
10.0 

Au^pist  19:  Found  dead  9  a.  m.    Autopsy:  Lungs  severely  congeisted  and  partially 
hepatised;  liver  was  engorged;  other  or^^uis  appeared  normal. 
Rabbit  382.    Belgian  female. 

On  August  17  weighed  1,035  ^p:ams;  received  1  cc  of  1  per  cent  caffein  for  each  100 
grams;  10  cc  of  1  per  cent  caffein  given  in  all. 

August  18:  Found  dead  9  a.  m.    Autopsy:  Lungs  conseeted  and  hepatized;  liver 
engoned;  stomach  showed  numerous  petechial  hemorrnages  on  mucosa;  kidneys 
sli^tly  congested;  intestines  appeared  normal. 
Rabbit  385.    Belgian  female. 

Given  1  cc  of  1  per  cent  caffein  for  each  100  grams,  through  stomach  tube. 


Date. 


Aug.  17. 
Aug.  18. 
Aug.  19. 


Weight. 


GnifiM. 
780 
760 
766 


Treat- 
ment. 


8.0 
7.6 
7.6 


Date. 


Aug.  20.. 
Aug.  21.. 


Weight. 


Oranu. 
716 
700 


Treat- 
ment. 


7.0 
7.0 


Au^pst  22:  Found  dead  9  a.  m.  AiUopsy:  Lungs  exhibited  pneumonic  lesions, 
with  inflammation  of  adjacent  pleura;  a  nbro-plastic  exudate  present  around  lung; 
liver  showed  a  coccidial  infestation;  stomach  distended  with  ingesta;  mucous  mem- 
brane characterized  by  a  catarrhal  inflammation;  contents  of  small  intestine  liquid 
in  nature  and  bile  stained;  laige  intestine  somewhat  impacted;  liver  and  kidneys 
seemingly  normal. 
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Rabbit  404.     WkiUmale. 
Given  1  cc  1  per  cent  caffein  for  each  100  grama; 


Date. 


Weight. 


Treat- 
ment. 


Date. 


Weight. 


Treat- 
ment. 


Aug.  20... 
Aug.  21... 
Aug.  221. 
Aug.  23... 
Aug.  24. . . 
Aug.25>. 
Aug.  26... 
Aug.  27... 
Aug.  28 1. 
Aug.  29... 


Grams. 
1,465 
1,475 


14.5 
14.5 


1,475 
1,400 
1,405 
1,415 
1,400 


14.5 
14.0 
14.0 
14.0 
14.0 


1,310 


13.0 


Aug.  30. 
Aug.  31. 
Sept.1. 
Sept.  2. 
Sept.  8. 
Sept.  4. 
Sept.  5. 
Sept.  6. 
Sept.  7. 
Sept.  8. 


Gramt, 
1,320 
1,330 
1,335 
1,315 
1,350 
1,335 
1,350 
1,380 
1,375 
1,325 


13.0 
13.6 
13.5 
13.0 
13.5 
13.5 
13.6 
14.0 
14.0 
13.0 


1  Not  fed. 


<  Reflexes. 


September  9:  Found  dead  9  a.  m.    AtUopsy:  Both  lungs  showed  extensive  pneu- 
monia, with  adhesions  to  pleura;  pleuritis  and  pericarditis  very  marked;  large  amount 
of  fibrous  exudate  in  pleural  cavity;  pyloric  end  of  stomach  uightly  congested;  liver 
congested;  other  organs  normal. 
Rabbit  S9S,    Belgian. 

Given  1  cc  of  1  per  cent  caffein  to  each  100  grams,  through  stomach  tube. 


Date. 


Aug.  17.. 
Aug.  18.. 
Aug.  19.. 
Aug.  20.. 
Aug.  21.. 
Aug.  22 1. 
Aug.  23.. 
Aug.  24.. 


Weight. 


Oranu. 
960 
910 
805 
910 
905 


825 
870 


Treat- 
ment. 


9.5 
9.0 
9.0 
9.0 
9.0 


8.0 
8.5 


Date. 


Aug.  25... 
Aug.  26... 
Aug.  27... 
Aug.  281. 
Aug.  29... 
Aug.30«.. 
Aug.  311. 


Weight. 


Grami. 


780 
765 


710 


Treat- 
ment. 


8.6 
8.0 
7.6 


1  Not  fed. 


s  Condition  very  poor;  not  fed. 


September  1:  Found  dead.  Autopgy:  Liings  congested  and  adhering  to  the  pleura; 
extensive  inflammation  of  pleura;  liver  slightly  enlarged  and  congested;  mucosa  of 
stomach  and  small  intestines  slightly  congested;  other  organs  normal. 

Rabbit  S90.    Belgian,  male. 
Given  1  cc  of  1  per  cent  caffein  to  each  100  grams  through  stomach  tube. 


Date. 


Weight. 


Treat- 
ment. 


Date. 


Weight. 


Treat- 
ment. 


Aug.  17. 
Aug.  18. 
Aug.  19. 
Aug.  20. 


Gramt. 
1,490 
1,370 
1,366 
1,340 


16.0 
14.0 
13.5 
13.6 


Aug.  21. 
Aug.  221 
Aug.  23. 


Grami, 
1,265 


12.5 


1,120 


11.0 


1  Not  fed. 

August  24:  Found  dead  9  a.  m.  Autopsy:  Heart  and  lungs  appeared  normal; 
abdominal  viscera  showed  no  apparent  pathologic  change  other  than  coccidial  infec- 
tion of  the  liver  and  fullness  of  the  blood  vessel. 
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Rabbit  S92.     Maltese^  female. 
Given  1  cc  of  1  per  cent  caffein  to  each  100  grams  through  stomach  tube. 


Date. 


Aug.  17.. 
Aug.  18.. 
Aug.  19.. 
Aug.  20.. 
Aug.  21.. 
Aug.  22 1 
Aug.  23.. 
Aug.  24.. 
Aug.  25.. 


Wei^t. 


QratM. 
1,265 
1,275 
1,240 
1,220 
1,245 


1,180 
1,190 
1,155 


Treat- 
ment. 


12.5 
12.5 
12.5 
12.0 
12.5 


12.0 
12.0 
11.5 


Date. 


Weight 


Aug.  26... 
Aug.  27... 
Aug.  281. 
Aug.  29... 
Aug.  30... 
Aug.  31... 
Sept.  1... 
Sept.  2... 


Oramt. 
1,140 
1,140 


1,115 

1,080 

1,020 

995 

930 


Ttoat- 
ment. 


11.6 
11.5 


11.  a. 
11.0 
10.0 
10.0 
9.0 


I  Not  fed. 


Died  at  3  p.  m.  September  2.    Autopsy:  The  stomach  and  small  intestines  showed 
numerous  small  hemorrhagic  spots;  a  thick  coating  of  mucus  surrounded  the  con- 
tents of  the  stomach;  the  other  orgsms  were  apparently  normal. 
Rabbit  403.    Black. 

Given  1  cc  of  1  per  cent  caffein  for  each  100  grams. 


Date. 


Aug.  20... 
Aug.  21... 
Aug.  22 1. 
Aug.  23... 
Aug.  24... 
Aug.  25... 


Weight. 


Onmt. 
1,640 
1,640 


1,490 
1,515 
1,475 


Treat- 
ment. 


16.5 
16.6 


15.0 
15.0 
15.0 


Date. 


Aug,  26.. 
Aug.  27.. 
Aug.  28 » 
Aug.  29.. 
Aug.  30.. 


Weight. 


Oramt. 
1.390 
1,330 


1,130 
1,055 


Treat- 
ment. 


14.0 
13.5 


11.5 
ia5 


1  Not  fed. 


August  31:  Found  dead  at  3   p.  m.    Autopsy:  Extensive  gastroenteritis;  liver 
enlarged   and   congested;  spleen   slightly   congested;  peritoneum    thickened    and 
congested;  other  organs  normal. 
Rabbit  384,    Blacky  femaU. 

Given  1  cc  of  1  per  cent  caffein  for  each  100  grains  through  stomach  tube. 


Date. 


Aug.  16.. 
Aug.  17.. 
Aug.  18.. 
Aug.  19.. 
Aug.  20.. 
Aug.  21.. 
Aug.  221 
Aug.  23.. 
Aug.  24., 


Wei0it. 


Qmrns. 
1,195 
1,205 
1,140 
1,180 
1,145 
1,145 


1,005 
1,035 


Treat- 
ment. 


12.0 
12.0 
11.5 
12.0 
11.5 
11.5 


10.0 

ia5 


Date. 


Aug.  25... 
Aug.  26... 
Aug.  27. . . 
Aug.  281. 
Aug.  29... 
Aug.30«. 
Aug.  31... 
8ept.l... 


Weight. 


Qram$. 
990 
960 
955 


870 
850 
810 
740 


Treat- 
ment 


10.0 
9.5 
9.5 


9.0 
8.5 
8.0 
7.5 


1  Not  fed. 


<  Poor  condition,  mucus  from  rectum. 


September  2:  Found  dead  at  9  a.  m.  Autopsy:  The  mucosa  of  stomach  showed 
numerous  hemorrhagic  ^Tots;  the  first  portion  of  the  small  intestines  was  slightly 
congested;  the  other  oigans  were  apparently  normal  in  appearance. 
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Rabbit  S8S,    Belgian f  female. 
Given  1  cc  of  1  per  cent  casein  for  each  100  grams  through  stomach  tube. 


Date. 


Aug.  16 
Aug.  17 
Aug.  18 
Aug.  19 
Aug.  20 
Aug.  21. 


Weight. 


Orams. 
995 
1,005 
990 
805 
945 
965 


Treat- 
ment. 


10.0 
10.0 
10.0 
9.0 
9.5 
9.5 


Date. 


Aug.  22 1 
Aug.  23.. 
Aug.  24.. 
Aug.  25.. 
Aug.  26.. 
Aug.  27.. 


Weight 


OnrM, 


875 
855 
850 
785 
710 


Treat- 
ment. 


9.0 
8.5 
8.5 
8.0 
7.0 


1  Not  fed. 

August  28:  Found  dead  at  9  a.  m.  AiUopgy:  Lungs,  heart,  and  spleen  apparently 
normal;  liver  infected  with  coccidia;  stomach  apparently  normal;  walls  of  small 
intestines  injected;  colon  marked  congestion  and  hemorrhagic;  kidneys  hemorrhagic. 

Rabbit  S87,    Belgian  male. 
Given  1  cc  of  1  per  cent  casein  for  each  100  grams  through  stomach  tube. 


Date. 


Wel^t. 


Treat- 
ment. 


Date. 


Weight. 


Treat- 
ment. 


Aug.  17., 
Aug.  18. . 
Aug.  19.. 
Aug.  20.. 
Aug.  21.. 
Aug.22» 
Aug.  23.. 
Aug.  24., 
Aug.  25.. 


Chramt. 
1,260 
1,340 
1,335 
1,300 
1,325 


12.5 
13.0 
13.0 
13.0 
13.0 


1,205 
1,200 
1,285 


12.0 
12.0 
12.5 


Aug.  26.. 
Aug.  27.. 
Aug.  281 
Aug.  29.. 
Aug.  30.. 
Aug.  31.. 
Sept.  1.. 
Sept  2. . 


OrafM. 
1,185 
1,255 


12.0 
12.5 


1,115 
1,135 
1,176 
1,050 
900 


11.0 
11.5 
12.0 
10.5 
9.0 


»  Not  fed. 

September  3,  found  dead.    Autopsy:   Stomach  and  small  intestines  showed  num- 
erous hemorrhagic  spots;  thick  coating  of  mucus  surroimded  the  contents  of  the  stom- 
ach; bladder  was  g^tly  distended  with  urine;  the  other  oigans  were  apparently 
normal. 
RdbbU  S88.    Belgian  male. 

Given  1  cc  of  1  per  cent  caffein  for  each  100  grams,  through  stomach  tube. 


Date. 


Weight. 


Treat- 
ment 


Date. 


Weight. 


Treat- 
ment. 


Aug.  17... 
Aug.  18.. 
Aug.  19... 
Aug.  20... 
Aug.2L.. 
Aug.  221. 


Qrami. 
1,080 
1,115 
1,150 
1,130 
1,120 


10.0 
11.0 
11.5 
11.5 
11.0 


Aug.  23.. 
Aug.  24.. 
Aug.  25.. 
Aug.  26.. 
Aug.  27.. 
Aug.281. 


Oramt. 
1,020 
985 
960 
900 
875 


10.0 
10.0 
9.5 
9.0 
9.0 


>  Not  fsA. 


August  29,  found  dead  9  a.m.  Autopw:  Heart  and  lungs  normal ;  liver  and  kidneys 
engo^ed;  stomach  normal:  intestines  showed  a  catarrhal  inflammation,  though  not 
severe;  spleen  normal;  walls  of  colon  somewhat  injected. 


Digitized  by 


Google 


74 


THE   TOXICITY   OF   CAFFEIN. 


Babbit  39 1.    Belgian, 
Given  1  cc  of  1  per  cent  caffein  to  each  100  grams  through  stomach  tube. 


Date. 


Aug.  17.. 
Aag.18.. 
Aug.  19.. 
Aug.  20.. 
Aug.  21.. 
Aug.  221. 
Aug.  23.. 


Weight. 


Chramt. 
940 
950 
955 
935 
945 


835 


Treat- 
ment. 


9.5 
9.5 
9.5 
9.5 
9.5 


8.5 


Date. 


Aug.  24... 
Aug.  25... 
Aug.  26... 
Aug.27«. 
Aug.  281. 
Aug.  29... 


Weight. 


Orams. 
805 
800 
765 
690 


566 


Troat- 
ment. 


8.0 
8.0 
7.5 
7.0 


5.5 


1  Not  fed. 


*  Poor  condition. 


August  30.  found  dead  9  a.  m.    Autopsy:  Heart  injected;  lungs  normal;  liver  affected 
slightlv  with  coccidiidea;  stomach  normal  in  appearance:  small  intestines  normal, 
but  colon  considerably  innamed;  kidneys  slightly  engorgea;  other  organs  normal. 
Babbit  402.    Black femaU. 

Given  1  cc  of  1  per  cent  caffein  to  each  100  grams. 


Date. 


Aug.  20. . 
Aug.  21.. 
Aug.  221 
Aug.  23.. 
Aug.  24.. 
Aug.  25.. 
Aug.  28.. 


Weight. 


Oramt, 
2,030 
1,950 


1,965 
1,906 
1,890 
1,780 


Treat- 
ment. 


20.0 
19.5 


19.5 
19.0 
19.0 
18.0 


Date. 


Aug.  27.. 
Aug.  281 
Aug.  29. . 
Aug.  30.. 
Aug.  31.. 
Sept.1.. 


Weight. 


Orams. 
1,765 


1,630 
1,540 
1,510 
1,425 


Treat- 
ment. 


17.5 


16.5 
15.5 
15.0 
14.0, 


1  Not  fed. 

September  2,  foimd  dead  9  a.  m.  Autopsy:  The  lungs  were  badly  congested,  the 
posterior  lobe  of  the  right  limg  showing  hepatization;  the  liver  was  considerably 
enlarged  and  congested;  the  mucous  membrane  of  the  stomach  and  small  intestines 
was  congested  and  showed  numerous  hemorriiagic  spots;  the  kidneys  showed  slight 
congestion;  all  other  organs  normal. 

Series  D. 

The  evidence  brought  forth  in  the  preceding  pages  regarding  cumulation  of  caffein 
naturally  suggests  the  question  whether  or  not  the  body  acquires  a  tolerance  for  it. 
This  question  has  already  been  answered  in  the  affirmative  by  Gourewitch,^  but 
owing  to  the  method  he  used  for  the  identification  of  caffein  and  the  few  experiments 
made  his  results  are  not  conclusive.  The  experiments  of  series  A,  B,  and  C  might 
be  regarded  as  indicating  that  tolerance  for  caffein  is  not  acquired  by  the  rabbit.  It 
was  noticed,  however,  that  the  rabbit  apparently  does  tolerate  increasingly  larger 
doses  ynder  certain  conditions,  as  the  following  experiments  show: 

Babbit  tiS,    Belgian  hare,  male, 

October  22:  Weight,  1,520  grams;  15  cc  2  per  cent  caffein  injected  subcutaneously 
at  2  p.  m. 

November  1:  10.30  a.  m.,  weight,  1,510  grams;  17  cc  2  per  cent  caffein  injected 
subcutaneously  (225  mg  per  kilo),  reflexes  observed,  but  no  tetaiuis. 

November  4:  10.30  a.  m.,  weight  1,535  grams;  19  cc  2  per  cent  caffein  injected 
subcutaneously  at  2.40  p.  m.;  4.^  p.  m.,  no  symptoms. 

November  8:  Weight,  1,425  grains;  20  cc  2  per  cent  caffein  (285  mg  per  kilo)  injected 
at  11.45  p.  m.;  5  p.  m.,  no  symptoma 

November  17:  Weight,  1,325  grains;  22  cc  2  per  cent  caffein  injected  at  2.55  p.  m. 
(329  mg  per  kilo),  no  symptoms. 

November  18:  Kabbit  in  good  condidon. 
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Rabbit  ftt4^    Belaian  hare,  female.    Diet,  carrots, 

dctober  18:  Weight,  1,935  graois;  11.20  a.  m.,  15  cc  2  per  cent  caffein  (155  mg  per 
kilo)  injected. 

November  1:  Weight,  1,780  grams;  20  cc  2  per  cent  caffein  (224  mg  per  kilo)  injected 
eubcutaneously,  reflexes  incr^ised,  muscle  tremors  present,  but  no  otner  symptoms. 

November  4:  Weight,  1,710  grams;  21.5  cc  2  per  cent  caffein  (252  mg  per  kilo) 
injected. 

November  8:  Weight,  1,435  grams;  22.5  cc  2  per  cent  caffein  or  314  mg  per  kilo 
injected  at  11.40  P- m-;  &  &•  n^-t  ^o  symptoms. 

November  17:  Weight,  1,340  grams;  24  cc  2  per  cent  caffein  (358  mg  per  kilo) 
injected  subcutaneousiy. 

November  18:  9  a.  m.,  rabbit  died. 
Rabbit  226.    Chnm  male.    Diet,  carrots. 

October  28:  Weight,  1,045  grams;  10  cc  2  per  cent  caffein  injected  subcutaneoiisly 
at  1.50  p.  m.;  4.30  p.  m.,  tremors  observed,  but  no  other  symptoms. 

October  29:  Rabbit  in  good  condition. 

November  1:  Weight,  950  srams;  10.55  a.  m.,  11  cc  2  per  cent  caffein  injected  sub- 
cutaneousiy (231  m^  per  kilo). 

November  4:  Weignt,  930  grams;  2.50  p.  m.,  12  cc  2  per  cent  caffein  injected  sub- 
cutaneousiy (258  m^  caffein  per  kilo). 

November  6:  Weight,  945  grams;  11.45  a.  m.,  15  cc  2  per  cent  caffein  (313  mg  per 
kilo)  injected  subcutaneouslv. 

November  17:  Rabbit  still  alive;  weight,  890  grams. 

The  results  of  these  experiments  indicate  that  when  sufficient  time  is  allowed 
between  two  successive  injections,  susceptibility  to  caffein  is  not  increased.  The 
rabbit,  on  the  contrary,  seems  to  acquire  a  tolerance  for  the  drug,  for  the  fourth  dose 
was  15  per  cent  laiger  than  the  minimum  fatal  dose  of  caffein.  This  is  in  all  proba- 
bility due  to  the  better  elimination  of  caffein  and  its  products  of  decomposition  and 
to  recovery  from  the  deleterious  effects  of  each  dose,  made  possible  by  long  intervals 
between  injections. 

The  results  of  these  experiments  may  be  briefly  summed  up  by  stating  that  sub- 
minimum  doses  of  caffein  given  to  the  rabbit  daily  or  at  intervals  (not  too  long)  do 
not  produce  any  symptoms  such  as  were  observed  in  acute  caffein  intoxication, 
namely,  increased  reflexes  and  convulsions,  or  increased  rate  of  respiration,  thus 
showing  that  it  is  not  cumulative.  But  evidence  of  undoubted  summation  of  effect 
was-  adduced  to  show  that  if  the  administration  of  subminimum  doses  of  caffein 
be  continued  daily  for  a  period  of  11  to  18  days  the  result  is  fatal.  Tolerance, 
however,  may  be  acquired,  although  to  a  limited  extent  only,  provided  sufficiently 
long  intervals  between  injections  are  allowed  to  give  time  for  repair  of  the  injury 
done  by  the  drug  and  to  develop  a  mechanism  for  its  better  decomposition  and  elimi- 
nation. Furthermore,  the  evidence  just  given  indicates  that  the  elimination  of  sub- 
minimum  doses  of  caffein  and  its  products  of  decomposition  is  probably  accomplished 
within  24  hours  or  thereabouts.  That  the  elimination  of  larger  doses  is  not  accom- 
plished in  this  interval  is  made  probable  by  the  following  experiment: 

Oray  rabbit  4S5.    Female.    Diet,  oats. 

October  12:  Weight,  1,185  grams;  3.30  p.  m.,  11.5  cc  2  of  per  cent  caffein  injected 
into  the  lumbar  muscles;  3  p.  m.,  reflexes  increased. 

October  13: 10  a.  m.,  rabbit  weighed  1,070  grams;  no  symptoms  of  caffein  poisoning, 
reflexes  normal;  10.30  a.  m.,  10  cc  2  per  cent  caffein  injected  into  the  lumbar  muscles; 
11.30  a.  m.,  rabbit  jumped  off  the  table,  had  convulsions,  and  died. 

BXPEBIMENTS  ON  DOGS. 

Having  gained  some  information  respecting  the  effects  of  repeated  doses  of  caffein 
on  rabbits,  it  was  of  interest  to  find  out  how  camivora  reacted  to  the  drug  when  simi- 
larly administered.  A  number  of  dogs  were  used  for  the  purpose.  Considerable 
Tariation  in  the  mode  of  experimentation,  as  will  appear  later,  was  allowed. 

Since  the  condition  of  the  animal,  its  age,  environment,  or  diet  might  be  factors 
influencing  toxicity,  tests  were  made  on  full-grown  and  on  young  growing  dogs  whose 
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food  was  varied.  The  subjects  of  the  experiment  were  kept  under  observation  for 
a  few  days  to  several  weeks  before  the  administration  of  caffein  was  begun,  in  order 
to  determine  whether  or  not  any  morbid  condition  existed,  as  well  as  to  ascertain 
whether  the  new  environment  had  any  effect  on  these  animals.  Caffein  was  given 
chiefly  by  mouth,  but  the  subcutaneous  method  was  also  employed  dining  a  por- 
tion of  the  experimental  period  in  some  dogs.  The  initial  dose,  which  varied  for 
different  individuals,  was  maintained  for  a  variable  length  of  time.  It  was  then 
progressively  increased,  in  most  cases  until  the  death  of  the  animal.  With  larger 
doses  the  intervals  between  successive  injections  were  also  increased. 

Series  A. 

'  Six  dogs  were  used  in  this  series.  Caffein  was  administered  by  mouth  for  periods 
of  six  dajrs  to  five  weeks.  It  was  given  daily  or  at  intervals  of  two,  and  sometimes  of 
three,  days.  In  a  few  instances  the  drug  was  withheld  for  four  or  even  for  seven 
days,  and  its  administration  was  resumed  at  the  end  of  this  time.  The  initial  dose 
in  these  experiments  varied  approximately  between  40  and  140  mg  per  kilo.  The 
doses  were  then  increased  gradually,  and  thus  the  maximum  resistance  of  the  subject 
to  caffein  was  tested.  The  diet  consisted  either  exclusively  of  meat  or  largely  of 
carbohydrates  with  a  minimum  amount  of  meat  to  give  flavor  to  the  food. 

Dog  11.    Female. 

Diet  consisted  of  rice,  250  ^pims;  cane  sugar,  250  grams;  meat,  50  grams;  cracker 
meal,  about  100  prBma.  Caffem  was  given  by  mouth  daily  or  at  intervals  of  one  day, 
when  the  dose  did  not  exceed  1 .5  grams.  Before  the  dose  was  increased  to  2  nams,  or 
approximately^  0.213  gram  caffein  per  kilo,  an  interval  of  two  days  was  allowed.  Symp- 
toms were  noticed  the  next  dav.  An  interval  of  two  days  was  uierefore  allowed  agam 
at  the  end  of  which  the  same  dose  was  repeated.  It  will  be  remarked  that  there  were 
no  symptoms  this  time,  and  the  general  condition  of  the  dog  seemed  to  be  good.  Two 
grams  of  caffein  were,  therefore,  given  daily  during  the  next  two  days  without  any 
untoward  effects;  the  dose  was  then  increased  to  2.5  grams.  Even  after  this  enormous 
quantity  no  symptoms  were  observed  except  slight  tremors.  When  this  dose  was 
repeated  26  hours  later,  it  proved  fatal.  No  albumin  or  sugar  was  found  in  the  urine, 
although  the  dog  was  fed  on  a  very  liberal  carbohydrate  diet.  The  following  is  a 
complete  record  of  the  experiment. 

AprU  20:  Urine  acid,  no  albiunin,  no  sugar. 

April  21:  Urine  free  from  sugar. 

April  22:  Urine  free  from  sugar.    1  gram  caffein  eiven  in  the  afternoon. 

April  23:  9  a.  m.,  dog  was  very  thirsty,  drank  a  large  .quantity  of  water,  wnne  did 
not  reduce  Fehling's  solution. 

April  24:  2.30  p.  m.,  1  gram  caffein,  no  sugar  in  mine. 

April  25:  1  gram  caffein  administered. 

April  26:  Weight,  10.6  kilos,  urine  collected  in  the  morning,  no  sugar;  4.10  p.  m., 
1.5  grams  caffein. 

April  27:  1.5  pams  caffein;  1.30  p.  m.,  diet  as  before,  no  sugar  in  mine. 

April  28:  Weight,  10.2  kilos,  no  caffein,  no  sugar  in  urine. 

April  30:  Weight,  10.4  kilos,  no  sugar  in  urine:  4.20  p.  m.,  2  gnuns  caffein. 

May  1:  Urine  examined,  sugar  absent,  weight  10  Idlos,  vomited,  sick,  tremors 
observed,  drank  500  cc  water  at  one  time,  appetite  poor. 

May  2:  No  caffein,  drank  150  cc  water. 

May  3:  Urine,  no  sugar,  moderate  quantity  of  albumen  present;  12  noon,  2  flrams 
caffein  gi^fen  by  mouth,  weight  10.3  kilos;  2  p.  m.,  urine,  sugar  negative,  conditioa 
of  dog  good,  no  symptoms  of  caffein  intoxication. 

May  4:  10  a.  m.,  about  10  cc  thick,  dark-colored  mucilaginous  urine  found  in  col- 
lecting bottle :  albumin  a  little  more  than  a  trace,  decidedly  less  than  on  May  8, 
no  sugar,  condition  of  dog  pretty  good  except  for  slight  muscular  tremors;  4  p.  m.» 
2  erams  caffein  by  mouth  (as  usual). 

May  5:  Urine  not  examined,  no  symptoms;  4  p.  m.,  2  ptanB  caffein. 

May  6:  Urine  not  examined;  2.30  p.  m.,  2.5  grams  caffem  given  by  mouth;  4  p.  m., 
slight  tremor,  no  other  symptoms. 

May  7:  No  examination  of  urine,  no  symptoms  observed;  4  p.  m.,  2.5  grams 
caffem. 

May  8:  9  a.  m.,  found  dead,  urine  collected  since  last  dose  of  caffein  was  given 
did  not  contain  any  sugar  or  albumin,  the  amoimt  of  caffein  fed  to  this  dog  was  18 
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grams  in  18  days.    Autopsy:  Post-mortem  examination  showed  marked  enteritis 
with  hemorrhagic  spots  on  the  mucosa;  liver  and  kidneys  congested  and  dark  colored; 
lungs  congested;  thyroid  gland  was  greatly  enlarged  and  congested. 
Doa  tS: 

April  30:  Weight,  6.8  kilos;  the  diet  consisted  of  250  grams  rice,  250  grams  suear, 
100  grams  cracker  meal,  and  100  grams  of  meat.  On  May  3  his  weight  was  7  kuos. 
He  received  1  gram  of  caffein  by  mouth  at  12  noon.  At  2  p.  m.  he  vomited  and 
tremors  were  observed.  The  next  day^  Mav  4,  tremors  were  still  present  thoujg;h  less 
pronounced.  Examination  of  the  unne  for  sugar  and  albumin  was  negative;  on 
May  4, 1  gram  caffein  was  eiven  again  and  repeated  on  Mav  5.  On  this  date  nis  general 
condition  was  not  good — dog  had  no  appetite  and  refused,  to  take  caffein.  As  the  dog 
lost  10  per  cent  of  nis  weight  he  wasput  on  a  meat  diet  exclusively  and  the  dose  of 
caffein  was  reduced  to  0.5  gram.  He  became  sick  after  the  second  dose,  and  the 
administration  of  caffein  was  therefore  discontinued.  It  was  resumed  after  five  days 
and  the  caffein  was  administered  in  increasing  amoimts,  i.  e.,  on  May  18, 0.5  gram* 
May  19, 0.5;  May  20, 1;  May  21, 1  gram  in  two  doses  of  0.5  each,  given  at  intend  of 
one  hour;  May  22,  1  ^ram.  Dog  became  irritable,  but  no  other  symptoms  were 
observed.  The  administration  of  caffein  was  omitted  the  next  day.  On  the  follow- 
ing day  when  the  same  dose  of  caffein  was  given  there  was  again  marked  irritability 
and  tremors.  The  experiment  was  therefore  discontinued. 
Dog  22.     Male  buUdog, 

June  24:  Dog  weighed  13.7  kilos.  Diet  consisted  of  meat  exclusively:  1  gram 
caffein  was  given  by  mouth;  diarrhea  developed;  no  caffein  was  given  for  three 
days. 

June  28:  Dog  weighed  13.6  kilos^  1.5  grains  caffein  given  at  10  a.  m. 

June  30:  1.75  grams  caffein  administered. 

July  2:  Dog  weighed  13.5  kilos;  2  grams  caffein  or  0.15  gram  per  kilo,  caused  well- 
marked  thirst,  but  did  not  produce  any  other  symptoms. 
Dog  20,    Female: 

May  12:  Weight,  7.7  kilos.  Fed  liberal  carbohydrate  diet,  consisting  of  rice,  100 
erams;  sugar  100  grams;  meat  and  cracker  meal,  a  sufficient  quantity  to  flavor  the 

May  14:  Weight,  7.7  kilos.  Examination  of  urine  for  albumin  and  sugar  gave 
negative  results.    Urine  was  acid  to  litmus. 

fiUiy  17:  Weight,  7.4  kilos.  Three  hours  after  it  was  fed  the  dog  received  0.5 
sram  caffein  by  mouth.  The  test  of  the  urine  the  next  day  for  sugar  was  negative, 
but  a  trace  of  albumin  was  present.  It  will  be  noticed  that  the  doses  were  incroebsed 
gradually  and  that  symptoms  were  observed  onlv  after  the  fourth  dose  of  0.1  pram 
per  Mlo.  Later  meat  was  substituted  for  the  carbohydrate  diet  and  the  administra- 
tion of  caffein  was  stopped  for  four  days.  At  the  end  of  this  period  100  mg  caffein 
per  kilo  was  fed  daily  tor  five  days,  and  the  dose  was  then  veiy  gradually  increased. 
Diarrhea  occurred  twice,  but  no  other  symptoms,  the  second  attack  having  lasted 
a  few  days.    The  following  is  a  complete  record  of  the  experiment: 

May  19:  0.5  gram  caffein  11.45  a.  m. 

May  20:  0.75  gram  caffein  12.45  a.  m.     ^^ 

May  21:  0.75  gram  caffein  12  noon;  no  sup^,  no  albumin  in  urine. 

May  22:  0.75  gram  caffein;  urine,  same  condition  found;  no  symptoms. 

May  23:  Wei^t,  7.5  kilos;  no  caffein. 

May  24:  0.75  gram  caffein ;  tremors  very  marked. 

May  25:  No  caffein. 

May  26:  0.75  gram  caffein. 

May  27:  0.75  gram  caffein. 

May  28:  0.75  gram  caffein. 

May  29:  1  gram  caffein  in  two  doses  of  0.75  and  0.25  gram. 

May  30:  No  caffein. 

May  31:  No  caffein;  meat  diet  exclusively. 

June  1:  No  caffein;  meat  diet  exclusively. 

June  2:  No  caffein;  no  sugar,  no  albumin  in  urine. 

Jime  3:  Weight,  7.6  Idlos;  0.75  gram  caffein;  no  sugar  in  urine. 

June  4:  Weight,  7.3  kilos;  0.75  gram  caffein;  no  sugar  in  urine. 

June  5:  Weight,  7.5  kilos;  0.8  gram  caffein;  drank  500  cc  water;  ate  200  grams  meat. 

Jime  6:  Weight,  7.4  kilos;  0.8  gram  caffein;  500  cc  urine;  drank  500  cc  water;  ate 
200  grams  meat*  no  symptoms. 

June  7:  Weignt,  7.7  kuos;  0.8  gram  caffein  10  a.  m. ;  400  cc  urine,  500  cc  water,  200 
grains  meat. 
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June  8:  Weight,  7.5  kilos;  0.9  gram  caffein,  450  cc  urine,  I  p.  m. ;  200  grams  meat, 
500  cc  water. 

June  9:  Weight,  7.6  kilos*  0.9  gram  caffein,  I  p.  m.;  500  cc  water,  200  grams  meat 
and  bone  dust;  diarrhea  ana  restlessness  all  afternoon. 

June  10:  Weight,  7.6  kilos;  1  gram  caffein,  500  cc  water,  200  grams  meat,  480  cc 
urine. 

June  II:  Weight,  8  kilos;  1  gram  caffein,  470  cc  urine,  500  cc  water,  200  grams  meat. 

June  12:  Weight,  7.8  kilos;  1  gram  caffein,  710  cc  urine,  500  cc  water,  200  grams 
meat. 

450  cc  urine,  500  cc  water,  300  grams  meat. 

Weight,  7.9  kilos;  1.2  grams  caffein,  500  cc  water,  300  grams  meat,  490 


June  13: 
Jime  14 
cc  urine. 
June  15 


Weight  7.8  kilos,  500  cc  water,  300  grams  meat,  550  cc  urine. 

June  16:  Weight  8.0  kilos,  1.2  gram  caffein,  500  cc  water,  300  grams  meat,  bone  dust 
added  to  check  diarrhea. 

June  17:  500  cc  water,  300  grams  meat,  450  cc  urine,  diarrhea  continues,  bone  dust 
added. 

June  18.  Weight  7.8  kilos,  1.3  gram  caffein,  300  grams  meat,  500  cc  water,  300  cc 
urine. 

June  19:  Doe  very  thirsty,  drank  1  liter  of  water  and  ate  350  grams  of  meat;  960 
cc  urine  passed  dunng  the  past  24  hour. 

June  21:  Weight  7.5  kilos,  1.5  pnuooB  caffein  given  at  10  a.  m.    At  2  p.  m.  convul- 
sions and  death.    This  dog  received  a  total  of  21.15  grams  caffein  in  25  doses  during 
a  period  of  35  days,  which  amounts  to  an  average  of  85  mg  per  kilo  daily. 
Dog  19,    Fevuilefoz  terrier. 

May  13:  Weight  6.4  kilos.  Diet  consisted  of  rice,  100  grams;  sugar,  100  grams;  and 
a  sufficient  quantity  of  meat  and  cracker  meal  to  give  flavor  to  the  food.  Examina- 
tion of  the  urine  showed  a  trace  of  albumin  but  no  sugar.  The  urine  was  acid  to  litmus. 
Two  days  later  the  urine  was  alkaline  to  litmus.  There  was  still  a  small  amount  of 
albumin  but  no  sugar. 

May  17,  0.5  gram  caffein  was  given  by  mouth.  Examination  of  the  urine  collected 
the  next  day  still  showed  the  presence  of  albumin  and  the  absence  of  reducing  sub- 
stances.   The  dog  had  tremors.    Caffein  was,  therefore,  not  administered. 

May  19:  0.5  gram  caffein  was  given  by  mouth. 

May  20:  0.75  gram  caffein  was  fed  at  12.45  p.  m.  The  dog  vomited  during  the  night 
and  tremors  were  observed  the  next  morning.  The  urine  collected  was  examined 
for  albumin  and  sugar,  but  neither  was  found. 

Blay  21 :  12  noon,  0.75  gram  caffein  was  fed.  The  doc  weighed  6  kilos,  which  there- 
fore represented  a  loss  010.4  kilo.  Grew  abnormally  thirsty  and  lost  appetite,  but 
no  other  symptoms  of  caffein  poisoning  were  observed. 

May  22:  The  dog  was  again  given  0.75  gram  caffein  at  12  noon.  The  examination 
of  the  urine  for  albumin  and  sugar  gave  negative  results.  The  dog  died  at  4.15  p.  m. 
The  fatal  dose  for  this  dog  was  therefore  0.125  gram  caffein  per  Kilo,  and  the  total 
amount  of  caffein  ingested  in  six  days  amounted  to  3.25  grams,  or  0.54  gram  per  day, 
which  makes  90  mg  per  kilo. 
Dog  21 .     White  female  bull. 

This  dog  was  kept  on  a  diet  exclusively  of  meat,  and  was  given  water  ab  libitum. 
From  0.5  to  0.6  gram  of  caffein  was  administered  daily  for  seven  days;  the  doses  were 
then  increased  and  were  given  at  longer  intervals.  No  symptoms  of  the  effects  of 
caffein  were  observed  until  a  dose  of  1.5  gram  was  fed.  when  diarrhea  was  noticed  on 
the  next  day.    In  the  following  record  the  details  of  the  experiment  are  given: 


Date. 

Weight. 

Caffein. 

Date. 

Weight. 

Caffein. 

June  7         

Kilos. 
12.  d 
12.5 
12.5 
12.3 
12.3 
12.3 
12.3 
12.3 

Oranu, 

0.5 

.5 

■i 

.6 
.6 
.6 

.8 

June  16 

Kilo$. 
12.7 
12.9 
13.4 
13.3 

%^ 

13.5 

Onm$, 
0.8 

June  8                                  -  . 

June  18 

1.0 

June  9         

June  21 

1.2 

June  10 

June  24 

1.5 

June  11             

June  25 

.0 

June  12    

June  27 

1.5 

June  13 

June  .10.   , 

1.75 

June  14 

1  Diarrhea. 
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July  2:  11.30  a.  m.,  2.0  gram  caffein  fed  by  mouth;  1.30.p.  m.,  tetanus,  dog  died. 
The  total  amount  of  caffein  fed  to  dog  No.  21  out  of  the  25  days  of  the  experiment  was 
14.45  erams,  or  an  average  of  578  mg  per  day,  which  amounts  to  about  42  to  43  mg  per 
kilo  of  body  weight. 

Notwithstanding  the  diversity  in  the  method  of  experimentation,  there  was  a 
striking  uniformity  in  some  of  the  results  obtained.  All  the  experiments  of  the  series 
showed  absence  of  cumulative  action  of  caffein.  The  experimental  evidence  pre- 
sented indicates  that  moderately  large  doses  may  be  given  at  intervals  of  about  24 
hours  without  inducing  any  symptoms  of  nervous  or  any  other  disturbance.  This  is 
illustrated  in  the  tests  on  dog  11,  which  were  preliminary  in  character.  In  this  sub- 
ject 100  to  150  mg  of  caffein  per  kilo  were  ingested  daily  for  several  days  without 
showing  any  changes.  Later  in  the  course  of  the  experiment,  after  larger  doses  were 
given,  mild  symptoms  only,  such  as  tremors,  were  observed.  Additional  evidence  of 
the  absence  of  cumulative  action  of  caffein  was  furnished  by  the  results  of  the  following 
experiments: 

Dog  23  received  142  mg  of  caffein  per  kilo  on  three  successive  days.  His  general 
condition  indicated  that  these  amounts  of  casein  were  toxic,  but  he  survived.  In 
another  series  of  tests,  made  after  he  was  allowed  to  rest  a  few  days,  he  again  failed  to 
show  any  cumulation  of  the  drug,  as  he  survived  this  time  a  series  of  tests  of  longer 
duration  than  the  first. 

A  much  better  illustration  of  the  absence  of  cumulative  action  of  the  drug  is  fur- 
nished by  the  experiments  on  dog  No.  20.  In  this  case  100  to  125  mg  of  caffein  per 
kilo,  given  on  10  consecutive  days,  did  not  cause  any  marked  effects.  Diarrhea  and 
restlessness  were  the  only  symptoms  observed.  These  experiments  therefore  show 
that  the  elimination  and  decomposition  of  caffein  are  apparently  effected  by  the  body 
within  twenty-four  hours  or  thereabouts. 

Experiments  on  dog  19,  however,  form  an  exception— the  third  dose  of  125  mg  caf- 
fein per  kilo  having  proved  fatal.  The  very  low  protein  content  of  the  diet  of  this 
dog  suggests  itself  as  a  possible  cause  of  the  lower  resistance  to  caffein  of  this  subject. 
But  it  may  be  observed  that  the  same  diet  was  furnished  to  dog  20,  which  stood  such 
amounts  of  caffein  much  longer.  The  presence  of  a  trace  of  albumin  in  the  urine  of 
dog  19  is  likewise  inadmissible  as  a  cause  of  the  difference  in  the  toxicity  of  caffein 
in  this  dog,  for  the  urine  of  dog  20  likewise  contained  a  trace  of  albumin.  The  alkaline 
reaction  of  the  urine,  together  with  the  fact  that  the  first  dose  of  only  60  mg  of  caffein 
per  kilo  induced  symptoms  of  toxicity,  suggests  the  presence  of  an  abnormal  condition 
which  in  all  probability  was  the  cause  of  the  death  of  this  subject  under  the  conditions 
indicated. 

In  a  lai^  number  of  experiments  on  caffein  performed  in  this  laboratory  it  has  been 
observed  that  symptoms  due  to  caffein  often  disappeared  when  the  administration  of 
the  same  dose  of  the  drug  was  continued.  Thus  dog  19  vomited  when  the  amount  of 
caffein  was  increased  to  125  mg  per  kilo.  When  this  amount  was  repeated  the  next 
day  there  was  no  vomiting.  Similar  observations  were  made  on  dogs  11  and  23,  also 
on  other  dogs.  No.  22  developed  diarrhea  at  first;  when  the  administration  of  caffein 
was  resumed  several  days  later,  however,  there  was  no  diarrhea.  In  other  experi- 
ments performed  in  this  laboratory,  symptoms  of  nervous  irritability  induced  by 
caffein  disappeared  on  continued  treatment. 

It  was  interesting,  therefore,  to  inquire  whether  resistance  to  caffein  would  be 
increased  by  the  continued  administration  of  progressively  larger  amounts  of  the  drug. 
When  doses  of  150  and  over  were  fed,  the  inter\^  allowed  were  usually  longer  than 
24  hours.  Two  and  sometimes  three  days  were  permitted  to  elapse  between  two  suc- 
cessive doses.  This  was  done  in  order  to  allow  time  for  recovery  from  possible  changes 
induced  by  larger  doses  of  caffein,  and  thus  prevent  the  summation  of  effect.  In  the 
experiments  considered,  therefore,  Nos.  11,  23,  20,  and  19,  the  toxicity  of  caffein  does 
not  seem  to  be  greater  than  in  the  experiments  on  acute  caffein  intoxication  in  the 
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dog.  It  was  thought,  however,  that  the  large  initial  dosee  or  the  quick  change  to  large 
doees  when  the  amounts  used  in  the  beginning  were  small,  might  have  something  to 
do  with  failure  to  induce  a  marked  degree  of  tolerance.  The  experiment  on  dog  21 
was  therefore  carried  out  by  giving  from  40  to  60  mg  per  kilo  for  eight  days,  and  then 
increasing  the  dose,  but  tolerance  could  not  be  induced,  as  ia  shown  in  the  protocol 
to  the  experiment. 

Series  B. 

According  to  the  studies  of  Chittenden,^*  low  protein  diet  improves  the  general 
metabolism  of  the  body,  fatigue  is  diminished,  and  bodily  vigor,  therefore,  corre- 
spondingly increased.  The  expectation  is,  therefore,  justified  that  the  defense  of  the 
organism  against  deleterious  substances  introduced  into  the  body  is  much  improved 
by  such  a  diet,  thus  increasing  its  resistance  to  poisons.  Himt's  experiment  on  this 
subject,  also  quoted  by  Chittenden,  lends  support  to  this  view.  He  foimd  that  mice 
fed  on  carbohydrates  chiefly,  or  on  foods  containing  only  a  small  amount  of  protein, 
were  more  resistant  to  acetonitril.  It  was  interesting,  therefore,  to  inquire  whether 
the  toxicity  of  caffein  differs  under  similar  conditions  of  diet. 

A  fixed  diet  of  the  same  calorific  value  was  provided  for  all  dogs  of  this  series,  but 
the  protein  content  for  three  of  the  animals  was  approximately  one-third  of  the  amoimt 
usually  fed  to  dogs.  Caffein  was  at  first  administered  subcutaneously,  but  all  the  dogs 
on  a  low  protein  diet  developed  abscesses  at  the  site  of  injection,  while  none  of  those 
on  high  protein  diet  showed  a  local  reaction.  Feeding  by  mouth  was  then  begun 
and  continued  throughout  the  experiment  in  each  case.  The  initial  dose  was  50  mg 
per  kilo,  which  was  given  daily  for  seven  to  nine  days.  It  was  then  increased  pro- 
gressively by  25  mg  per  kilo;  75  mg  per  kilo  were  administered  for  one  to  two  days, 
100  mg  for  two  to  three  days,  125  mg  for  one  to  two  days,  150  mg  for  one  to  two  days, 
and  a  single  dose  of  175  mg.  It  will  be  remarked  that  sometimes  an  interval  of  one 
day  had  to  be  allowed  during  which  no  caffein  was  fed. 
Dog  SO.    Black  and  tan  houndy  male. 

The  dog  was  under  observation  for  about  eight  weeks  before  the  experiment  was 
begun  and  had  received  a  high  protein  diet.  He  was  then  given  50  mg  caffein  for  nine 
consecutive  days.  On  the  tentn  day  the  dose  was  increased  to  75  mg  per  kilo.  As  no 
symptoms  developed,  this  dose  was  mcreased  to  100  mg  per  kilo,  and  was  fed  one  day 
apart.  It  was  then  raised  to  125  mg  per  kilo.  For  the  first  time  since  the  dru^  was 
f^,  symptoms  appeared*  they  were  noticed  a  few  hours  after  feeding  and  persisted 
dunng  the  next  day.  Althoiigh  the  appetite  was  good,  no  caffein  was  given  on  this 
day.  On  the  following  day  this  dose  was  repeated .  As  the  symptoms  were  not  serious, 
150  mg  per  kilo  were  given  daily  for  the  next  three  days,  until  175  mg  per  kilo  was 
reached.    This  dose  proved  fatal  within  six  hours.    Record  of  experiment  follows: 

October  9:  Weight,  9  kilos,  on  full  nitrogen  diet,  received  daily  0.724  gram  nitro^:en 

r^r  kilo  or  87  calories  per  kilo,  received  18  grams  meat  per  kilo,  4  grams  lard  per  kilo, 
flrams  carbohydrates  per  kilo,  bone  dust,  ad  libitum. 

PJovember  3:  Weight,  9.10  kilos. 

November  10:  Weight,  9  kilos. 

November  20:  Weight,  9.55  kilos. 

November  29:  Weight,  8.70  kilos. 

December  6,  7,  8,  and  9:  Received  subcutaneously  22  cc  2  per  cent  caffein.  Condi- 
tion good,  site  of  injection  normal. 

December  10,  11,  12,  13,  and  14:  Received  0.4375  gram  caffein  by  mouth  equal  to 
0.050  gram  per  kilo,  no  symptoms,  appetite  and  general  condition  good. 

December  15:  11.30  a.  m.,  received  0.6563  gram  caffein  by  mouth,  or  0.75  gram  per 
kilo,  no  symptoms,  appetite  good,  condition  excellent. 

December  16:  11  a.  m.,  received  0.870  gram  caffein  by  mouth,  or  0.1  gram  per  kilo, 
weight  8.70  kilos,  no  symptoms. 

December  17:  No  caff  em  given. 

December  18:  Received  0.870  gram  caffein,  or  0.1  gram  per  Idlo,  no  symptoms. 

December  20:  2.45  p.  m.,  received  1.0875  grams  caffein,  or  0.125  per  kilo;  4  p.  m., 
ate  food  readily,  seemed  very  uncomfortable  and  sick. 

December  21:  9  a.  m.,  stiffness  in  muscles^  but  no  other  symptoms,  appetite  good, 
no  caffein  given. 
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December  22:  11  a.  m.,  received  1.0875  grams  caffein,  or  0.125  gram  per  kilo;  3  p.  m., 
depressed  in  spirits  and  sick,  but  no  other  s^ptoms  observed. 

December  &:  11.30  a.  m.,  received  1.305  grams  caffein,  or  0.150  gram  caffein  per 
kilo;  1.30  p.  m.,  apparently  quite  sick,  but  no  other  symptoms,  had  good  appetite. 

December  24:  10  a.  m.,  received  0.175  gram  caffein  per  kilo;  4  p.  pi.,  wnen  about 
to  be  fed  feU  over  and  died;  no  autopsy. 

The  total  amoimt  of  caffein  given  dog  30  was  11 .3458  grams,  administered  for  a  period 
of  eighteen  days.  The  average  daily  amount  per  kilo  was  therefore  72  mg.  The  feces 
became  offensive  when  the  amounts  of  caffein  were  increased  to  75  mg  per  kilo.  It 
will  be  observed  that  in  this  dog  the  appetite  was  imiformly  good  imtil  the  day  of  his 
death.  Whether  or  not  this  is  the  cause  of  his  resistance  to  caffein  will  be  discussed 
later. 
Dog  St.    White,  male,  young. 

Although  he  was  growing  rapidly  this  dog's  weight  was  constant,  but  he  looked 
anemic.  He  received  a  hi^  protein  diet  until  December  3,  when  the  rations  were 
increased  by  one-third .  ^  This  dog  was  under  observation  from  October  26  to  December 
6  when  the  administration  of  caffein  was  begun.  He  then  received  50  mg  caffein 
per  kilo  daily  for  nine  days  consecutively  without  showing  any  effects,  when  the 
dose  was  increased  to  75  mg  per  kilo,  then  to  100  mg  per  kilo.  This  dose  was  further 
increased  to  150  mg  per  alo  without  causing  svmptoms,  which  was  repeated  the 
next  day.  No  symptoms  having  been  observed  after  such  amounts  of  caffein,  175  mg 
per  kilo  were  fed.  This  dose,  however,  proved  fatal  within  two  hours.  Record  en 
experiment  follows: 

October  26:  Weight,  6.90  kilos. 

November  3:  Weight,  6.90  kilos. 

November  10:  Weight,  6.90  kilos. 

November  20:  Weight,  6.90  kilos. 

November  29:  Weight,  6.55  kilos. 

December  3:  Put  into  cage,  diet  increased  one-third. 

December 6,  7,  8,  9:  Wei^t  6.30  kilos;  12.30p.m.,  received  16cc  2  percentcaffein 
by  subcutaneous  injection  in  back,  no  s3rmptoms  of  any  kind  noticed,  site  of  injection 
normal. 

December  10, 14:  0.05  cram  caffein  per  kilo. 

December  15:  Receivea  0.4725  gram  caffein  by  mouth,  no  symptoms.  * 

December  16:  Received  0.655  gram  caffein,  0.100  gram  per  Jdlo. 

December  17:  No  caffein  given. 

December  18:  Received  0.655  gram  caffein  daily,  0.100 gram  per  kilo,  no  symptoms. 

December  20:  Received  0.8188  gram  caffein,  0.125  gram  per  kilo,  no  symptoms, 
appetite  good. 

December  21:  Received  0.9825  gram  caffein,  0.150  gram  per  kilo,  somewhat  imcom- 
fortable,  no  other  s3rmptoms. 

December  22:  Received  0.9825  gram  caffehi,  0.150  gram  per  kilo,  no  symptoms 
except  some  uneasiness. 

December  23:  9  a.  m.,  no  symptoms,  appetite  g;ood;  11.30  a.  qx.,  received  1.146 grams 
caffein,  0.1759  gram  per  kilo;  1.30  p.  m.,  died  while  making  an  effort  to  get  out  ofcage, 
tonic  contraction  of  limbs  observcKi  before  death. 

The  amount  of  caffein  received  during  the  entire  experimental  period  was  9.2223 
grams,  or  an  average  per  day  approximately  of  80  mg  per  idlo,  and  therefore  10  per  cent 
more  than  dog  No.  30  receivea.  It  will  be  observed  that  the  appetite  in  doff  No.  32 
was  likewise  uniformly  ^ood,  and  that  he  received  a  very  high  protein  diet  which  was 
also  of  a  very  high  calorific  value. 

Autopty  {dog  St), — Stomach  presented  a  severe  inflammation  of  the  mucosa,  espe- 
cially in  the  fundus  and  pyloric  portions.  The  gastritis  was  more  marked  in  pyloric 
portion,  and  the  inflammatory  condition  extended  along  the  whole  course  of  small 
intestines,  which  presented  numerous  hemorrhagic  areas,  and  a  thick  catarrhal  exudate 
on  the  mucosa.  The  laive  intestine  contained  quite  a.laige  number  of  parasites, 
probably  roimd  worms.  The  liver  was  enlaiged  and  the  eaU  cyst  well  filled.  The 
spleen  was  also  considerably  engorged,  kidneys  appeared  normal,  other  oigans  all 
appeared  normal. 
Dog  SI,    Black  spaniel,  male. 

This  dog  had  been  under  observation  one  month  previous  to  the  experiments  with 
caffein.  The  usual  initial  dose  was  then  administered  for  nine  days.  There  were  no 
signs  of  local  irritation  when  the  drug  was  given  subcutaneously,  but  symptoms  of 
toxicity  werepresent.  These  disapp^red,  however,  when  the  drug  was  administered 
by  mouth,  llie  dose  was  therefore  increased  to  75  mg  per  kilo.  This,  as  will  be  seen, 
proved  fatal  within  six  hours.    High  nitrogen  diet,  same  as  No.  30. 

November  3:  Weight  10.250  kilos. 

18594^— Bull.  148—12 6 
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November  10:  Weight,  10.25  kilos. 

November  20:  Weight,  10.30  kiloe. 

December  1:  Put  in  cage. 

December  6,  7,  8,  9:  Weight,  10.20  kiloe;  received  26  cc  2  per  cent  caffein  subcu- 
taneously,  site  of  injection  normal. 

December  6:  Very  resUees  and  excited,  whined  when  handled  as  though  muscles 
were  sore,  appeared  to  be  sick. 

December  10-14:  Condition  good,  received  0.51  gram  ca£fein  by  mouth  daily,  no 
noteworthy  symptoms,  appetite  continues  good,  somewhat  restless  at  intervals. 

December  15:  11.30  a.  m.,  received  0.765  gram  caffein  per  mouth  (0.075  gram  per 
kilo);  2  p.  m.,  depressed  in  spirit,  seemed  sick  and  uncomfortable;  4.15  p.  m.,  when 
about  to  feed,  anmial  jimipea  up,  then  fell  back  dead. 

Autopsy  (dog  SI):  Lungs  congested;  heart  filled  with  blood  and  contained  small 
'  amount  of  olood-stained  fluid  in  pericardial  sac.  Liver  deeply  congested,  soft  and 
friable;  gall  bladder  distended  with  bile;  kidneys  showed  inflammation  of  cortex; 
spleen  pale,  normal  in  size  and  consistency;  stomach  practically  empty,  the  mucosa  of 
tne  pyloric  portion  exhibited  severe  gastritis,  with  thick  catarrhal  exudate.  This 
catarrnal  inflammation  extended  throuc^h  the  duodenum;  remaining  portion  of  small 
intestine  showed  mild  inflammation;  large  intestine  appeared  practically  normal. 
The  total  amount  of  caffein  received  by  dog  31  during  10  days  was  5.395  mg,  or  a  daily 
average  of  53.9  me  per  kilo.  This  unusually  low  resistance  to  caffein  (which  was 
practically  the  only  case  in  all  the  experiments  on  dogs  presented  in  this  research) 
suggests  the  presence  of  some  abnormal  condition.  The  bloody  exudate  in  the  peri- 
caraial  cavity  indicating  pericarditis,  which  is  likely  to  induce  secondary  changes  of 
cardiac  muscle,  may  be  considered  as  a  possible  cause  of  the  increased,  toxicity  of 
caffein  in  this  case. 
Dog  £9,     Male  fox  terrier,  black. 

This  dog  was  kept  on  a  low  nitrogen  diet  for  nearly  five  weeks  before  the  feeding  of 
caffein  was  begun.  The  administration  of  50  mg  of  caffein  per  kilo  was  then  earned 
on  for  eight  days  without  showing  any  symptoms  of  toxicity.  The  usual  increase  of 
dose  was  then  given — 75  mg  per  kilo — ^which  was  followed  by  a  manifestation  of 
symptoms.  Further  increase,  however,  to  100  mg  per  kilo  had  no  visible  effect. 
Nevertheless  it  was  considered  advisable  to  suspend  the  feeding  of  caffein  for  one  day. 
The  same  amounts  were  then  repeated  on  two  consecutive  days.  No  symptoms  haying 
been  observed,  125  ma  per  kilo  were  given.  As  symptoms  of  toxicity  and  especially 
loss  of  appetite  were  oDserved ,  the  dog  was  not  given  any  caffein  the  next  day.  Since 
his  appetite  had  now  improved ,  the  experiment  with  larger  doses  was  resumed .  Death 
followed  after  the  secona  dose  of  150  mg  per  kilo.    Protocol  follows : 

Weight,  9.90  kiloe.  One-third  nitrogen  diet.  Receives  0.269  gram  nitrogen  per 
kilo  (88.269  calories  per  kilo). 

November  3:  Weight,  9.85  kilos. 

November  10:  Weight,  9.55  kilos.  ^ 

November  12:  Weight,  9.40  kilos.     ' 

November  29:  Weight,  9.85  kilos. 

December  6:  Weight,  9.90  kilos;  11.35  a.  m.,  received  25  cc  2  per  cent  caffein  solu- 
tion by  subcutaneous  injection  in  back;  4  p.  m.,  no  symptoms,  appetite  good. 

December  7-9:  Received  25  cc  caffein  2  per  cent  solution — subcutaneous  injection, 
no  symptoms,  area  of  injection  inflamed  and  swollen. 

December  10,  13:  Site  of  injection  showed  increased  inflammation,  received  0.495 
gram  caffein  (50  mg  per  kilo)  in  30  grams  meat  daily  without  showing  any  symptoms. 

December  14:  12  noon,  received  0.7425  gram  caffein  by  mouth  (0.075  per  kilo);  2.30 
p.  m.,  restless  and  uneasy. 

December  15:  11. 30  a.m.,  received  0.7425  gram  caffein  by  mouth;  2  p.  m.,  depressed 
in  spirits,  although  continues  to  have  good  appetite. 

December  16:  Weight,  9.50  kilos;  3.15  p.  m.,  received  0.9509  gram  caffein  by 
mouth;  4.50  p.  m.,  no  syinptoms. 

December  17:  Aiiimal  rested. 

December  18:  Received  0.950  gram  caffein  by  mouth,  nd  symptoms. 

December  19:  Received  0.9509  gram  caffein  by  mouth,  no  symptoms. 

December20:  2.45  p.m.,  received  1.1875  grams  caffein  (0.125  gram  per  kilo);  4  p.m., 
restless  and  quite  sici;  ate  only  a  little  food. 

December  21:  9  a.  m.,  still  imcomfortable,  allowed  to  rest,  no  caffein  given,  grad- 
ually recovered  appetite. 

December  22:  11  a.  m.,  received  1.875  grams  caffein;  3  p.  m.,  seemed  sick,  but 
showed  no  other  symptoms,  appetite  &dr. 

December  23:  9  a.  m.,  snowed  no  symptoms  from  the  day  before,  ate  food  grad- 
ually, seemed  sick;  11.30  a.  m.,  received  1.425  grama  caffein  (0.150  gram  per  kilo);  1.30 
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p.  m,,  looked  and  behaved  as  if  very  sick,  no  other  symptoms;  3.45  p.  m.,  in  attempting 
to  get  out  of  box  fell  over  on  back,  had  convulsions,  whined,  dyspnoea,  died  within  30 
seconds. 

AtUopsy:  Stomach  exhibited  mild  inflammation:  small  intestine  inflamed  and  hem- 
orrhagic areas  on  mucosa;  liver  engoiged  and  friable:  spleen  normal;  kidneys  slightly 
congested;  other  organs  appeared  normal.  The  total  amount  of  caffein  fed  to  Doe  29 
was  12.135  grams,  which  was  given  in  18  days.  The  average  daily  amount  per  Kilo 
was  therefore  67.68  mg. 
Dog  28,     Male  fox  terrier, 

'  Low  nitrogen  diet  was  begun  about  four  weeks  before  the  feeding  of  caffein;  50  mg 
of  caffein  was  then  fed  for  seven  consecutive  days.  Partial  loss  of  appetite  was 
observed  after  the  first  dose.  As  the  experiment  progressed  the  desire  for  food  steadily 
diminished,  and  the  feces  became  fetid.  Sjonptoms  of  intoxication  manifested  them- 
selves early  in  the  experiment,  and  vomiting  occurred  after  the  fourth  dose.  The 
dog  was  then  put  on  a  diet  exclusively  of  meat.  After  an  intermission  of  10  days  109 
mg  cafFein  per  kilo  were  given.  Since  there  were  no  symptoms,  the  following  day  the 
amount  was  increased  to  125  mg  per  kilo.    This  dose  proved  fotal  within  16  to  20  hours. 

This  dog  was  stout  and  strong,  weight  12.25  kilos,  received  daily  0.269  gram  nitrogen 
per  kilo  (88.269  calories  per  kilo). 

November  3:  Weight,  11.75  kilos. 

November  10:  Wmght,  11.95  kilos. 

November  20:  Weight,  11.20  kilos.  All  through  this  period  had  been  kept  in  a  cold, 
poorly  ventilated  room,  put  in  a  warm  room,  with  bedding  and  good  ventilation. 

November  29:  Weight,  11.95  kilos. 

December  1:  Put  in  a  cage;  weight,  11.95  kilos. 

December  6:  Weight,  11.95  kilos j  11.45  a.  m.,  received  0.050  gram  caffein  per  kilo; 
then  received  30  cc  2  per  cent  caffem  (0.6  gram)  in  practically  one  subcutaneous  injec- 
tion; 4.30  p.  m.,  ate  only  part  of  food. 

December  7:  10.25  a.  m.,  received  30  cc  2  per  cent  caffein  by  subcutaneous  injec- 
tion (0.6  gram,  or  50  m^,  per  kilo);  1.45  p.  m.,  seemed  sensitive  to  touch,  no  desire  for 
f5od,  depressed  in  spirit. 

December  8:  11.40  a.  m.,  received  30  cc  2  per  cent  caffein  by  subcutaneous  injec- 
tion (50  mg  per  kilo);  1  p.  m.,  depressed  in  spirit,  hind  legs  seemed  somewhat  stiff, 
no  desire  for  regular  food,  site  of  injection  inflamed. 

December  9:  10.50  a.  m.,  received  30  cc  2  per  cent  caffein  by  subcutaneous  injec- 
tion (50  mg  per  kilo);  2.30  p.  m.,  had  vomited,  no  desire  for  re^lar  food. 

December  10:  Inflammation  of  site  of  injection,  and  swelhng  very  pronounced; 
2  p.  m.,  received  0.5975  gram  caffein,  or  50  mg  per  kilo,  with  30  grams  of  meat,  refused 
r^ular  food. 

December  11,  12:  Received  0.5975  gram  caffein  by  mouth,  no  symptoms  except 
refusal  of  regular  food,  feces  fetid. 

December  13-22:  Put  on  meat  diet  exclusively,  high  temperature,  no  caffein, 
weight  10  kilos,  appetite  good,  feces  fetid. 

December  22:  12  m.,  weight  11  kilos,  received  1.2  grams  caffein  by  mouth  (0.109 
gram  per  kilo);  4  p.  m.,  no  symptoms. 

December  23:  11.30  a.  m.,  received  1.375  ^rams  caffein  (0.125  gram  per  kilo)  had 
vomited  food  of  the  day  before,  but  could  notice  no  caffein  or  capsules  in  vomit;  4.30 
p.  m..  no  symptoms,  seemed  in  good  spirits,  appetite  good,  had  no  meat  to  feed  with,  so 
was  given  low  nitrogen  feed,  of  which  he  ate  aoout  one-fourth. 

December  24 :  9  a.m.,  foimd  dead,  stiff,  and  cold.  The  most  striking  effect  of  caffein 
in  this  dog  is  the  increased  intestinal  putrefaction.  The  feces  were  still  fetid  10  days 
after  the  administration  of  caffein  was  stopped. 

Autopsy,  dog  28:  Stomach  partially  filled  with  an  imdigested  food  mass;  mucosa 
showed  severe  inflammation;  small  intestines  presented  a  hemorrhagic  enteritis  along 
whole  extent;  large  intestine  also  exhibited  mild  inflammation;  liver  was  engorged; 
spleen  appeeired  normal;  kidneys  slightly  congested  in  cortical  portion;  other  organs 
appeurea  normal. 

bog  24,  WMU  and  tan  male:  Was  put  on  low  protein  diet  six  weeks  before  experi- 
ments with  caffein  were  begun.  The  initial  dose  of  50  mg  per  kilo  was  then  admin- 
istered on  eight  consecutive  days.  The  only  symptoms  observed  durinff  this  period 
of  caffein  a£ninistration  were  those  of  intestinal  putrefaction.  Fetid  feces  were 
noticed  already  after  the  first  dose  of  caffein  was  injected.  When  the  second  dose 
of  75  mg  of  caffein  was  repeated,  mild  svmptoms  appeared,  but  none  have  been 
observed  even  with  increased  amounts  of  canein. 

One-thiid  nitrogen  diet.  Received  daily  0.269  gram  nitrogen  per  kilo  (88.269 
calories  per  kilo). 
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October  26:  Weieht  11.15  kilos.    Food  consisted  of  5  grams  cracker  meal  per  kilo; 


meat,  3  erams  per  &ilo:  lard,  2  grams  per  kilo;  tapioca,  10.69  grams  per  kilo.  *Kept  in 
a  cold,  damp  room  witn  poor  ventilation  until  November  20. 

Novembers:  Weight,  11  kilos. 

November  10:  Weight,  10.75  kilos. 

November  20:  Weight,  10.55  kilos;  changed  to  a  warm  room,  with  bedding  and  good 
ventilation. 

November  29:  Weight,  10.85  kilos. 

December  1:  Put  into  a  cage. 

December  6:  Weight,  10.90  kilos;  11.25  a.  m.,  received  28  cc  2  per  cent  ca£fein  sub- 
cutaneously  in  side,  below  the  shoulders,  area  washed  wi^  alcohol  and  ether, 
approximately  50  mg  per  kilo  administered,  no  symptoms. 

December  7:  10.15  a.  m.,  received  28  cc  2  per  cent  caffein  injected  subcutaneously; 
feces  soft  and  very  fetid ;  1  p.  m.^  depressed  in  spirit,  eyes  dull. 

December  9:  10.45  a.  m.,  received  25  cc  2  per  cent  caffein  solution  subcutaneously, 
feces  still  fetid,  site  of  injection  inflamed  and  swollen,  no  other  symptoms. 

December  10:  Inflammation  of  area  of  injection  more  pronoimced;  2  p.  m..  given 
0.5449  gram  caffein  and  30  grams  of  meat;  4  p.  m.,  fed,  no  symptoms,  feces  fetid. 

December  11:  12  m.,  given  0.5459  gram  caffein  and  30  grams  of  meat,  no  symptoms, 
feces  fetid. 

December  12, 13:  Given  0.5459  gram  caffein  daily,  without  noticing  any  symptoms. 

December  14:  12  m.,  received  0.817  gram  caffein  (75  mg  per  kilo);  2.30  p.  m.,  restless 
and  uncomfortable,  no  other  symptoms. 

December  15:  11.30  a.  m.,  received  0.8175  gram  caffein  by  mouth;  2  p.  m.,  depressed 
in  spirit,  acted  as  though  sick^  no  other  symptoms. 

December  16:  Weight,  11  kilos;  11  a.  m.,  received  0.100  gram  caffein  per  kilo  (1.100 
grams)  by  mouth,  no  symptoms. 

DecemDerl7:  Rested. 

December  18:  2.30  p.  m.,  received  1.100  grams  caffein  by  mouth;  4.  p.  m.,  no 
symptoms. 

December  19:  12  noon,  received  1.100  grams  caffein  by  mouth;  4.15  p.  m.,  n*o 
symptoms. 

December  20:  2.45  p.  m.,  given  1.375  grams  caffein  (0.125  gram  per  kilo);  3.45  p.  m., 
vomited — one  of  the  capules  being  found  intact,  the  other  broken  open:  4  p.  m., 

S'ven  regular  diet,  containing  1.3757  granis  caffein  in  capsules,  ate  most  of  tnis  during 
le  nig^t,  whinea  at  intervals,  coordinaticm  disturbed,  appeared  very  sick,  but 
exhibited  no  other  symptoms. 

December  21:  9  a.  m.,  found  dead,  stiff,  and  cold. 

The  total  amoimt  of  caffein  received  by  dog  24  was  between  10.109  and  11.484  grams. 
As  one  of  the  capsules  vomited  was  intact  and  the  other  broken  open,  the  amoimt  was 
probably  about  10.75  grams.  The  fotal  dose  in  this  case  was  undoubtedly  less  than 
185  mg  per  kilo— eomewhere  between  125  and  185  m^.  Autopsy  showed  heart  in 
diastole;  posterior  lobe  of  right  lung  deeplv  counted;  liver  engoiged;  gall  cyst  filled: 
spleen  appeared  normal;  stomach  well  filled  with  semifluid  mass;  pyloric  portion  ot 
stomach  exhibited  a  severe  inflammation  of  mucosa;  mucosa  of  duodenum  greatlv 
inflamed  and  showed  hemorrha^^ic  areas  and  catarrhal  exudate;  remainder  of  small 
intestine  also  exhibited  mild  inflammation;  kidneys  deeply  engorged,  mesentery 
injected. 

A  comparison  of  the  fatal  doees  of  caffein  in  the  experiments  on  high  and  low  protein 
diet  does  not  show  much  difference  in  the  resistance  to  caffein,  since  175  mg  per  kilo 
proved  fatal  to  Nos.  30  and  32,  while  No.  29  died  after  receiving  150  mg  per  kilo,  and 
No.  24  received  125  to  185  mg  per  kilo.  Moreover,  No.  28,  which  was  changed  from 
low  to  high  protein  diet,  succumbed  when  given  125  mg  per  kilo.  Observations  made 
during  the  experimental  period  indicate,  however,  greater  toxicity  of  caffein  in  the 
subjects  on  low  protein  diet.  Dog  30  showed  the  effects  of  the  drug  when  the 
dose  was  increased  to  125  mg  of  caffein  per  kilo,  while  in  No.  32, 150  mg  p^  kilo  were 
received  without  any  manifestation  of  symptoms.  Dog  31,  which  was  likewise  on  a 
high  protein  diet,  is  evidently  an  exception,  and  its  low  resistance  to  caffein  may  be 
accounted  for  by  the  condition  found  at  autopsy.  In  other  dogs  on  low  protein  diet 
symptoms  of  intoxication  appeared  early  in  the  experiment.  In  Nos.  29  and  24  it 
was  observed  as  soon  as  the  amount  of  caffein  was  increased  to  75  mg  per  kilo.  In 
dog  28  the  first  dose  of  caffein  50  mg  per  kilo  was  toxic.  The  symptoms  of  gastro- 
intestinal disturbance  were  especially  marked  after  caffein  on  low  protein  diet.    This 
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may  seem  to  contradict  the  results  of  experiments  on  dogs  II  and  20,  in  which  larger 
doses  of  caffein  failed  to  induce  symptoms  of  intoxication.  But  it  should  be  observed 
that  the  diet,  which  consisted  idmost  exclusively  of  carbohydrates,  was  given  only 
during  the  administration  of  caffein,  while  in  the  experiments  of  series  B  the  sub- 
jects received  a  low  protein  diet  for  several  weeks  before  the  administration  of  caffein 
was  begun,  and  it  was  continued  through  the  entire  caffein  period.  It  will  be  re- 
marked that  the  absence  of  cumulative  action  in  the  experiments  of  the  preceding 
series  was  also  observed  in  dogs  on  high  as  well  as  on  low  protein  diet.  The  appearance 
of  symptoms  after  smaller  doses  of  ca£fein  in  the  latter  experiments  might  suggest 
cumulative  action,  but  since  these  symptoms  disappeared  on  continued  administration 
of  the  substance  cumulation  is  clearly  not  indicated.  The  gastrointestinal  lesions 
observed  on  post-mortem  examination  were,  it  will  be  recalled,  also  found  in  rabbits 
similarly  treated.  The  explanation  suggested  probably  applies  also  in  the  case  of 
dogs. 

Series  C. 

As  already  pointed  out  in  the  experiments  on  acute  toxicity  of  ca£fein,  young  growing 
dogs  are  prolMibly  more  resistant  to  caffein  than  adults.    That  this  may  also  hold  true 
in  chronic  caffein  intoxication  seemed  indicated  by  the  following  experiments. 
Dog  SS.    Black  female  puppy.     Weighty  4  tUo$.    Had  been  corUinuouBly  an  a  meat 

diet. 

December  22:  2.30  p.  m.,  received  0.69  mm  of  caffein  (0.172  gram  per  kilo);  3.15 
p.  m.,  no  symptoms  except  that  feces  were  fetid. 

December  23:  11.30  a.  m.,  received  0.79  gram  of  caffein  (0.197  gram  per  kilo);  1.30 
p.  m.,  no  symptoms. 

December  24:  II  a.  m.,  received  0.87  giam  of  caffein  (0.2009  gram  per  kilo);  4  p.  m., 
no  syniptoms. 

It  will  be  observed  that  the  only  effect  produced  in  dog  33  by  feeding  caffein  was 
increased  intestinal  putrefaction,  although  2.37  grams  of  caffein  were  given  in  three 
days.  Additional  data  on  the  effects  of  the  age  of  animals  on  the  resistance  to  caffein 
seemeddesirable.  The  following  experiments  were  therefore  carried  out.  Six  puppies 
of  the  same  litter  were  weaned  when  7  to  8  weeks  old  and  put  on  a  milk  diet.  Three 
of  them  received  this  diet  throughout  the  experimental  period.  Meat  was  substituted 
in  the  other  three  a  few  days  before  the  administration  of  caffein  was  begun,  and  was 
continued  until  the  end  of  the  experiment.  Caffein  was  given  by  mouth;  the  initial 
dose,  which  was  administered  for  several  days  and  then  gradually  increased,  being 
160  to  200  mg  for  each  dog,  except  one,  which  received  only  100  mg  per  kilo  for  several 
days  and  then  an  increased  amount. 
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An  intennission  of  a  few  days  (during  which  no  ca£Fein  was  given)  was  allowed. 
This  was  done  on  account  of  some  studies  carried  on  at  the  same  time  on  the  effect  of 
ca£fein  on  certain  constituents  of  the  urine. 


PUP  NO.  1. 


Dftte. 

Weight. 

Food 
(milk). 

Treatment 

(2  per  cent 

oaflein). 

Sjrmptoms. 

Apr.21 

Onnu. 
1,450 
1,520 
1,450 
1,376 
1,420 
1,360 
1,400 
1,406 
1,420 
1,430 
1,460 
1,616 
1,476 
1,495 
1,615 
1,536 
1,525 
1,530 
1,500 

1,490 
1,536 
1,460 
1,476 
1,545 
1,650 
1,556 
1,560 
1,460 
1,500 
1,566 
1.646 

f^ 

1,496 

ee. 

'300 
300 
250 
250 
250 
250 
250 
250 
250 
250 
250 
250 
250 
250 
250 
250 
250 
250 
250 

250 
250 
300 
350 
250 
260 
250 
250 
250 
250 
250 
250 
250 
260 

250 

ce. 
10.0 

lao 

10.0 
10.0 
10.0 

None. 

None. 

None. 

None. 

None. 

lao 

16.0 
16.0 
15.0 
22.0 

2ao 

20.0 

2ao 

23.0 

None. 

2&0 
None. 
None. 
None. 
None. 
None. 

26.0 
None. 
None. 
None. 
None. 
None. 

27.0 

27.0 

No  symptoms. 

Apr.22 

Apr.23 

Do. 

Apr.24 

Do. 

Apr.25 

Do. 

Apr.26 

Apr.27 

Apr.28 

Apr.20 

Passed  wonns. 

Apr.30 

Do. 

Say  r.:::::. :::... 

Nosvmptoms. 

May  2 

Ey3                 ... 

Do. 

EyJ:::::::::::::. 

Do. 

May  6 

Seems  dull  and  whines. 

May  6 

Whines. 

Ey7.::::. ::::.:.. 

No  symptoms. 

Mays 

Ey »::::::::::::. . 

Diarrhea:  passed  worms;  tremor  and  rigidity  of 

May  10 

legs:  whines. 
Completely  recovered  from  the  effects  of  9th. 
Can  not  balance  itself;  continually  vomiting. 

May  11 

May  12 

Recovered  from  effects. 

May  13 

In  good  condition. 

May  14 

May  16 

Mayie 

May  17 

Salivated  in  cage;  stiffness  of  muscles. 

May  18 

Weak  and  stiffT  diarrhea. 

May  19 

No  symptoms. 

May  20 

May  21 

May  22 

May  23 

Tremors;  gait  clumsy;  incoordination  of  move- 

May 24 

ments. 
Diarrhea;  vomited;  weak  and  stiff;  found   dead 

9  a.  m.  25th. 

1  Sonday. 

,       Marked  pulmonary  congestion;  liver  very  pale;  heart  wall   injected; 

slight  indammation  of  stomach  and  intestines. 
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Date. 

Weight. 

Food 
(milk). 

Treatment 

(2  per  cent 

caflein). 

Symptoms. 

Apr.2l 

Orams. 
1,350 
1,240 
1,250 
1,205 
1,220 
1.210 
1,210 
1,205 
1,200 
1,210 
1,220 
1,220 
1,235 
1,235 
1,235 
1,250 
i;235 
1,250 
1,165 
1,235 
1,300 

1,200 
1,215 
1,280 
1,300 
1,310 
1,310 
1,250 
1,245 
1,310 
1,325 
1,325 
1.325 
1,315 

ee. 
300 
300 
200 
200 
200 
200 
200 
200 
200 

200 
200 
200 
200 
200 
200 
200 
200 
200 
200 

200 
200 
200 
200 
200 
200 
200 
200 
200 
200 
200 
200 
200 

ee. 
5.0 
5.0 
7.5 
7.0 
7.0 

None. 

None. 

None. 

None. 

None. 
10.0 

lao 

10.0 

lao 

17.0 
17.0 
15.0 
l&O 
18.0 
None. 

2ao 

None. 

None. 

None. 

None. 

None. 
20.0 

None. 

None. 

None. 

None. 

None. 
22.0 
22.0 

No  symptoms. 

Apr.22 

Apr.  23 

Do. 

Apr.  24 

Do. 

Apr.  25 

Do, 

Apr.25 

Apr.27 

Apr.28 

Apr.29 

Passed  worms. 

Apr.  30 

Mayl 

No  symptoms. 

May2 

May  3 

Do. 

Kyt::::::::::: 

Do. 

Mays 

Whines. 

May  6 

Do. 

Ey7 

Diarrhea  and  worms. 

Ey8.:::::.: : : 

Diarrhea. 

May9 

Little  or  no  symptoms. 
No  symptoms. 

May  10 

May  11 

Saliyifttc^  in  cage;  refused  to  eat;  draws  up  hind 

May  12 

legs. 
Recovered. 

May  13 

In  good  condition. 

Eyu::::::::::::: 

May  15 

May  U 

May  17 

Salivated  in  cage;  stiff;  all  symptoms. 

May  18 

Weak  and  stiff. 

May  19 

No  symptoms. 

May  20 

May  21 

May22 

May  23 

Somewhat  stiff. 

May  24 

Restless;  scratches  eyes;  sick. 

PUP  NO.  3. 


Apr.  21. 
Apr.  22. 
Apr.  23. 
Apr.  24. 
Apr.25. 
Apr.  26. 
Apr.  27. 
Apr.  28. 
Apr.  29, 
Apr.  30. 
Mayl.. 
May  2.. 
May3.. 
May  4.. 
Mays.. 

May  6.. 

May7.. 
May  8.. 
May  9.. 


1,215 

300 

1,220 

300 

1,220 

200 

1,200 

200 

1,205 

200 

1,195 

200 

1,200 

200 

1,215 

200 

1,220 

200 

1,200 

200 

1,225 

200 

1,230 

200 

1.235 

200 

1,245 

200 

1,270 

200 

1,260 

200 

1,240 

200 

1,265 

200 

1,240 

200 

None. 
None. 
None. 
None. 
None. 
None. 


^< 


one. 

None. 

None. 
10.0 
10.0 
10.0 
10.0 
17.0 

17.0 

15.0 
15.0 

lao 


Coughs  and  whines. 

Passed  worms. 

Eyes  appear  dim  and  is  continually  scratching 

them. 
Appears  restless  and  draws  up  hind  legs  when 

walking. 
Eyes  dim;  passed  worms;  diarrhea. 
Coughing  continually;  very  restless. 
12  noon;  salivated  in  cage;  passed  worms;  diarrhea; 

foaming  at  mouth;  can  not  balance  himself: 

rigidity  and  tremor  of  hind  legs.    2.15.  found 

dead. 


^  Urine  squeezed  from  bladder. 

Autopsy:  Severe  pulmonary  congestion;  catarrhal  gastritis;  mild  enteritis  with 
small  hemorrhagic  areas  on  mucosa. 
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PUP  NO.  4. 


Date. 


Wdght. 


Food. 


Treatment 

(2  per  cent 

caflein). 


Symptoms. 


Apr.  28. 
Apr.  29. 
Apr.  30. 
liayl.. 
May  2.. 
May  3.. 
May  4.. 
Mays.. 


May  6.. 
May?.. 
Mays.. 
May  9.. 
May  10. 
May  11. 
May  12. 
May  13. 
May  14. 
May  16. 
May  16. 
May  17. 
May  18. 
May  19. 
May  20. 
May  21. 
May  22. 
May  23. 
May  24. 
May  25. 
May  26. 
May  27. 


Oranu, 
1,670 
1,670 
1,670 
1,600 
1,600 


1,720 
1,735 


1,760 
1,745 
1,710 
1,750 
1,750 
1,755 
1,730 
1,785 
1,835 
1,820 
1,835 
1,860 
1,855 
1,770 
1,755 
1,780 


1,785 
1,795 
1,630 
1,600 


MOkiee). 
300 
300 
300 
300 
300 
300 
300 
300 

Mtat 
(oramt). 
60 
80 
180 
180 
180 
180 
180 
180 
116 
116 
116 
116 
116 
115 
115 
115 
116 
116 
116 
116 
116 


KkO 
None. 
None. 

lao 
lao 
lao 
lao 

15.0 
15.0 
15.0 
17.0 
17.0 
17.0 


2ao 

23.0 


Nosymptoma. 


Do. 

Do. 

Passed  worms. 
Feces  soft  and  black. 
Stifl;  loss  of  appetite. 
Loss  of  appetite. 

Do. 
Restless. 

Feces  soft  and  black. 
Loss  of  appetite. 

Loss  of  appetite;  threw  up  worms. 
Loss  of  ^>petite:  worms;  cough;  dlanhea. 
Weak;  no  appetite;  diarrhea;  cough. 
Found  dead,  9  a.  m. 


Autopsy. — Lung  unifonnly  congested;  liver  deeply  congested;  heart  muscle  pale 
with  hemorrhagic  areas  j  kidneys  pale  with  hemorrhagic  spots  on  surface  and  in 
cortex;  slight  catarrhal  inflammation  of  stomach  and  the  small  intestines. 
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Date. 


Wdght. 


Food. 


Tmlmtut 
(2peroent 
caflein). 


Symptonu. 


Apr.  28. 
Apr.  20. 
Apr.W. 
idiyl.. 
May2.. 
Maya.. 
May  4.. 
Mays.. 


May6.. 
May7.. 

Mays.. 
May9.. 
May  10. 
May  11. 
May  12. 
May  13. 
May  14. 
May  15. 
May  16. 
May  17. 
May  18. 
May  19. 
May  20. 
May  21. 
May  22. 
May  23. 
May  24. 
May2S. 
May  26. 
May  27. 
May  28. 
May  20. 
May  80. 
May  81. 
Juziel.. 
7iizie2.. 
June  3.. 


Onmi, 
1,745 
1,745 
1,750 
1,765 
1,765 


1,400 
1,805 


1,815 
1,825 
1,770 
1,706 
1,805 
1,800 
1,720 
1,815 
1,845 
1,830 
1,815 
1,830 
1,885 
1,825 
1,860 
1,885 


1,820 
1,885 
1,840 
1,820 
1,840 
1,830 


1,770 
1,766 
1,750 
1,635 


300 
300 
300 
300 
300 
300 
300 

Mtat 

(granu). 
60 
80 
180 
180 
180 
180 
180 
180 
115 
115 
115 
115 
115 
115 
115 
115 
115 
115 
115 
115 
115 
115 
115 
115 
115 
115 
115 
115 


lao 

None. 
None. 

lao 
lao 
lao 

15.0 
15.0 
15.0 
15.0 
17.0 
17.0 
17.0 

2ao 
2ao 

23.0 
2&0 
2&0 

None. 

None. 

None. 
2&0 
27.5 
27.5 


No  symptoms. 


Do. 

Do. 
Loss  of  weight;  no  other  symptoms. 
No  symptoms. 
Stiflneas. 
No  symptoms. 
A  little  stiff. 
No  symptoms. 

Do. 
Do. 
Feoes  soft  and  black. 

AUtUestifl. 


Diarrhea;  stiff  hi  hind  lefk 

Diarrhea  and  worms. 

Paralysed;  vomited;  died  at  8  p.  m. 
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PUP  NO.  6. 


Dat^. 


Apr.  28. 
Apr.  29. 
Apr.  30. 
llayl.. 
May2.. 
May  3.. 
May  4.. 
Mays.. 


May6.. 
May  7.. 
Mays.. 
May  9.. 
May  10. 
May  11. 
May  12. 
May  13. 
May  14. 
May  15. 
May  16. 
May  17. 
May  18. 
May  19. 
May  20. 
May  21. 
May  22. 
May  23. 
May  24. 
May  25. 
May  26. 
May  27. 
May  28. 
May  29. 


Weight. 


Orama. 


1,280 
1,290 
1,315 
1,330 


1,360 
1,365 


1,306 
1,365 
1,340 
1,380 
1,400 
1,425 
1,470 
1,485 
1,510 
1,500 
1,485 
1,480 
1,485 
1,405 
1,500 
1,500 


1,470 
1,465 
.1,450 
1,450 
1,355 
1,270 


Food. 


300 
300 
300 
300 
300 
300 
300 
300 

Meat 

(gramt). 
60 
80 
180 
180 
180 
180 
180 
180 
115 
115 
115 
115 
115 
115 
115 
115 
115 
115 
115 
115 
115 
115 
115 


Treatment 

(2  per  cent 

caflein). 


14.5 
None. 
None. 
14.5 
14.5 
14.5 
14.5 
19.5 
19.5 
19.5 
17.0 
17.0 
17.0 

2ao 

20.0 
23.0 
23.0 
23.0 


Symptoms. 


No  symptoms. 


Do. 
Do. 
Passed  worms. 


Feces  soft  and  black;  almost  diarrhea. 
Scratches  her  eyes  and  chases  her  tail. 


Feces  soft  and  black. 

Diarrhea  and  worms. 

Refused  to  eat  all  food. 

Threw  op  worms,  stiff,  and  has  skin  over  both  eyes. 

Found  dead. 


Highest  amount  of  caffein  given,  362  mg  per  kilo.    No  autopey. 

Examination  of  the  results  obtained  in  the  experiments  of  series  0  shows  that 
young  and  growing  dogs  tolerate  large  amounts  of  caffein.  In  four  subjects  of  this 
series,  Nos.  1,  2,  3,  and  6,  no  effect  was  observed  when  moderately  large  amounts 
(160  to  200  mg  per  kilo  of  caffein)  were  fed.  Symptoms  were  noticed  only  when 
these  amounts  of  caffein  were  increased  from  50  to  60  per  cent.  The  other  two  dogs, 
Nos.  4  and  5,  of  this  series  were  less  resistant,  however,  to  caffein,  as  0.16  gram  of  the 
drug  per  kilo  induced  well-marked  symptoms.  Since  these  were  fed  meat,  while  Nos. 
1,  2,  and  3  received  milk,  the  difference  in  toxicity  may  be  due  to  the  diet  employed, 
but  No.  6,  which  likewise  received  a  meat  diet,  failed  to  show  the  effects  of  caffein 
when  200  mg  per  kilo  were  fed.  On  the  other  hand,  it  should  be  noticed  that  No.  1 
died  after  receiving  360  mg  per  kilo,  No.  2  survived  a  dose  of  334  mg,  while  No.  3  died 
after  a  dose  of  322  mg  per  kilo  of  caffein.  The  fatal  doses  for  Nos.  4, 5,  and  6  were  287, 
335,  and  300  mg  per  kilo,  respectively.  Although  the  differences  are  too  small  to 
justify  any  definite  conclusion  regarding  the  effect  of  a  milk  diet  or  of  a  meat  diet  on 
the  toxicity  of  caffein,  the  results  nevertheless  suggest  a  reasonable  possibility  that 
caffein  is  more  toxic  to  yoimg  dogs  when  on  an  exclusively  meat  diet  than  when  fed 
milk.  It  is  perfectly  evident,  however,  that  the  resistance  to  caffein  in  either  case  is 
very  great,  almost  twice  that  of  adult  subjects.  As  shown  in  series  A  and  B,  125  to 
175  mg  per  kilo  proved  fatal  to  all  but  two  animals  in  these  experiments,  while 
symptoms  of  toxicity  appeared  after  much  smaller  doses.  In  other  respects  the 
behavior  of  young  dogs  toward  caffein  was  the  same  as  that  of  the  adult.  In  neither 
case  was  cimiulation  nor  tolerance  observed  under  the  conditions  of  these  experi- 
ments. The  findings  at  autopsy  were  likewise  similar,  as  gastro-enteritis  was  the 
chief  lesion  observed  on  macroscopic  examination.    It  might  be  mentioned,  however, 
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in  this  connection,  that  the  symptoms  of  ca£fein  intoxication  in  yoimg  dogs  often 
presented  marked  differences  from  those  observed  in  those  of  more  advanced  age. 
The  resemblance  of  the  effects  of  caffein  in  young  puppies  and  in  rabbits  was  very 
striking.  In  both,  the  tonic  with  clonic  convulsions  were  observed  after  a  sufficient 
quantity  of  caffein  was  administered.  In  the  dogs  which  were  fully  grown  a  large 
dose  of  caffein  was  usually  followed  by  tonic  convulsions  and  almost  instantaneous 
death. 

Moderately  large  amounts  of  caffein  fed  daily  to  puppies  for  several  days — ^in  some 
cases  as  long  as  10  days— induced  mild  symptoms  only.  No  cumulative  effect  was 
observed  in  any  of  the  experiments  of  series  C.  There  seems  to  be  tolerance  of  certain 
functions  toward  caffein,  but  no  general  tolerance  of  the  body  could  be  obtained  in 
these  experiments.  Caffein  is  apparently  less  toxic  for  adult  dogs  on  high  than  on  low 
protein  diet.  In  yoimg  and  growing  dogs  caffein  is  somewhat  less  toxic  when  milk, 
rather  than  meat,  forms  the  exclusive  diet.  Some  pathological  conditions  apparently 
increase  the  toxicity  of  caffein  also  in  dogs.  The  symptoms  of  caffein  intoxication 
observed  in  young  dogs  are  in  some  respects  different  from  those  in  full  grown  and  older 
animals,  and  resemble  those  noticed  in  rabbits. 

DISCnSSIOH  OF  BESXTLTS. 

It  was  pointed  out  at  some  length  in  the  introduction  that  the 
toxicity  of  some  drugs  may  not  be  the  same  for  all  forms  of  life. 
This  observation  was  also  made  by  some  investigators  who  experi- 
mented with  caffein  on  different  species  of  animals.  Thus  Maurel  ^ 
stated  that  caffein  is  twice  as  toxic  for  the  frog  as  for  the  rabbit  when 
administered  by  mouth.  Frohner's  ^  experiments,  on  the  other  hand, 
made  on  domestic  animals,  failed  to  show  great  differences  in  the 
toxicity  of  caffein.  According  to  this  observer,  horses  seem  to  be 
more  susceptible  than  cattle,  goats,  and  swine,  the  minimum  toxic 
dose  being  the  same  for  all  of  these,  while  the  resistance  of  the  dog  to 
caffein  is  about  midway  between  that  of  the  horse  and  the  oUier 
animals  mentioned.  It  may  be  remarked,  however,  that  Frohner  made 
only  13  experiments.  That  these  data  are  inadequate  for  the  forma- 
tion of  any  conclusions  as  to  the  toxicity  of  caffein  is  evident  since 
the  most  striking  effect  of  caffein  observed  in  the  work  herein 
reported  was  the  comparatively  wide  range  of  variation  in  the  re- 
sistance of  individuals  of  the  same  species  to  this  drug.  This  was 
found  to  be  the  case  even  when  the  conditions  of  experimentation 
were  approximately  uniform,  and  was  observed  whatever  the  mode 
of  administration  of  the  drug  employed.  The  toxicity  for  different 
individuals  also  varied  in  acute  as  well  as  in  chronic  intoxication. 
It  is  for  this  reason  that  the  number  of  tests  employed  were  often 
quite  large,  for  no  conclusions  of  any  value  could  be  drawn  without 
averaging  the  results  of  a  sufficiently  large  number  of  experiments. 
Furthermore,  it  is  to  be  borne  in  mind  that  the  action  of  a  drug  may 
differ  according  to  the  mode  of  its  introduction  into  the  body  and 
that  different  species  of  animals  may  vary  in  this  regard.  This  is 
especially  true  of  some  substances  when  given  by  mouth,  the  range 
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in  toxicity  for  certain  species  of  animals  being  much  greater  when 
thus  administered  than  when  injected  subcutaneously  or  intrave- 
nously. 

MaureFs  ^  investigations  are  of  interest  in  this  connection,  as  his 
work  embraces  a  systematic  study  of  the  toxicity  of  a  large  number 
of  substances  in  the  rabbit,  pigeon,  and  frog  when  given  by  mouth, 
subcutaneously,  intravenously,  or  when  injected  into  the  muscles. 
According  to  this  investigator  the  range  of  variation  of  the  toxicity 
of  a  substance  is  widest  when  given  by  mouth.  Potassium  sulpho* 
cyanid,  for  example,  is  about  2.5  times  as  toxic  for  the  frog  as  for  the 
rabbit  when  given  by  mouth.  Quinin  hydrobromid  is  three  times  as 
toxic  for  the  frog  as  for  the  pigeon,  while  for  the  rabbit  it  is  twice  as 
toxic  as  for  the  pigeon.  When  given  by  hypodermic  injection  the 
toxic  dose  per  kilo  weight  is  practically  the  same  for  all  three  species. 
The  diflFerence  of  resistance  according  to  the  mode  of  administration 
is  even  more  marked  for  spartein  sulphate.  When  given  by  mouth 
the  toxicity  for  the  rabbit  is  six  times  as  great  as  for  the  frog,  but 
when  injected  subcutaneously  the  toxic  dose  is  about  the  same  for 
the  rabbit  and  for  the  frog.  The  relation  of  the  mode  of  adminis- 
tration to  toxicity  is  further  shown  in  the  following  substances:  For 
the  rabbit  the  minimum  fatal  dose  per  kilo  of  quinin  hydrobromid  is 
1.5  grams  administered  by  mouth,  0.5  gram  when  injected  subcu- 
taneously, and  0.07  gram  by  the  intravenous  path,  while  strychnin 
sulphate  is  twice  as  toxic  administered  intravenously  as  subcuta- 
neously, and  six  times  as  toxic  as  when  administered  by  mouth. 
The  mode  of  introduction,  however,  does  not  always  affect  the 
toxicity  of  a  substance.  This  is  made  evident  by  the  action  of 
strychnin  on  frogs  in  which,  according  to  Maurel  *•,  the  toxic  dose  is 
the  same  whether  given  by  mouth  or  injected  into  the  subcutaneous 
tissues.  This  appears  to  hold  true  also  for  other  animals  as  demon- 
strated by  the  experiments  of  Hatcher**  on  the  cat,  in  which  he 
observed  that  strychnin  is  as  readily  absorbed  from  a  full  stomach 
as  from  the  subcutaneous  tissues.  These  findings  are  extremely 
interesting,  especially  in  view  of  Maiu'ers*^  work  on  the  subject, 
according  to  which  he  finds  that  a  substance  is  much  less  toxic  when 
given  by  mouth  than  when  administered  by  hypodermic  injection 
or  intravenously.  That  this  generalization  does  not  admit,  however, 
of  universal  appHcation  is  made  evident  by  the  work  of  various 
experimenters.  Claude  Bernard  *®  observed  that  curara  is  as  poisonous 
for  the  pigeon  when  given  by  mouth  as  when  injected  subcutaneously, 
while  Zalesky  *  found  that  samandarin  is  more  toxic  for  frogs  when 
introduced  into  the  stomach  than  by  injection  into  the  lymph  sacs. 
Our  experiments  with  caffein  likewise  show  that  MaureVs  generaUza- 
tion  does  not  always  hold  good,  since  it  was  found  in  experiments  with 
gray  rabbits  that  the  minimum  fatal  dose  is  but  moderately  greater 
by  mouth  than  by  the  subcutaneous  path. 
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Equally  interesting  is  the  observation  of  the  writeri  that  in  the 
guinea  pig  the  difference  in  the  toxicity  between  the  subcutaneous 
and  intraperitoneal  injections  is  very  slight,  while  in  the  cat  the 
toxicity  of  ca£Pein  is  the  same  whether  given  by  mouth  or  injected 
into  the  subcutaneous  tissues,  and  is  markedly  less  when  injected  into 
the  peritoneal  cavity.  The  experiments  on  dogs  show  considerable 
variation  of  effective  dose  when  given  by  mouth,  but  the  interest- 
ing observation  was  made  that  the  toxic  dose  by  mouth  may  be 
smaller  in  some  cases  than  the  average  dose  by  subcutaneous  injec- 
tion. If  the  resistance  to  caffein  by  subcutaneous  injection  of  the 
different  species  of  animals  experimented  upon  in  the  present  research 
be  compared,  it  will  be  noticed  that  the  gray  rabbit  or  Belgian  hare, 
which  is  more  resistant  than  the  other  varieties  employed,  stands 
more  caffein  in  proportion  to  the  weight  of  the  body  than  the  other 
animals. 

Although  the  minimum  fatal  dose  was  found  to  be  somewhat  larger 
for  the  guinea  pig  than  for  the  gray  rabbit  when  caffein  was  injected 
intraperitoneally,  it  was  on  the  contrary  smaller  by  other  paths  of 
introduction,  and  approximated  quite  closely  the  minimum  fatal 
dose  for  rabbits  of  the  other  varieties.  Cats  as  well  as  dogs  were 
found  to  be  distinctly  less  resistant  to  eastern  than  the  herbivora. 

There  are  a  number  of  factors  far  more  important  than  zoological 
differences  which  influence  the  toxicity  of  caffein.  Some  of  these 
are  age,  season,  and  pathologic  conditions.  As  these  factors  have 
already  been  dwelt  upon  in  their  appropriate  places,  further  discus- 
sion might  seem  unnecessary,  but  owing  to  their  importance  in  deter- 
mining the  action  of  a  drug,  emphasis  is  desirable.  Especially  is  this 
the  case  with  pathological  conditions  in  relation  to  toxicity.  While 
no  positive  proof  of  diminished  resistance  to  caffein  in  pathological 
conditions  was  obtained  by  subjecting  the  suggestion  to  experimental 
test,  it  was  observed  in  these  experiments  on  rabbits  that  death 
occurred  in  some  individuals  after  small  doses  which  are  usually  not 
even  toxic.  The  findings  at  autopsy  indicate  the  presence  of  patho- 
logical conditions.  The  same  was  observed  in  some  experiments  on 
eats  and  dogs.  It  is  extremely  probable,  therefore,  that  disease 
modifies  the  reaction  of  the  organism  to  caffein  as  well  as  to  other 
drugs." 

That  the  resistance  to  drugs  may  vary  according  to  the  age  of  the 
subject  has  been  maintained  by  a  number  of  pharmacologists.  Accord- 
ing to  Guinard,  "^  young  dogs,  rabbits,  and  guinea  pigs  are  very  sus- 
ceptible to  morphin,  resembling  children  in  this  r^ard.'  The  mini- 
mum fatal  dose  for  these  animals  is  about  one-third  less  than  for  the 

•  A  caae  of  accidental  polaonlng  reported  recently  by  Wlohora  (Mtlnich,  Med.  Woch.,  1911,  No.  30,  p. 
IftlS)  throws  some  doubt  on  the  accepted  view  that  the  snsoeptlblllty  of  young  children  to  morphin  la 
greater  than  that  of  adults.  WIchura  also  found  that  the  therapeutic  doses  ol  oodetai  prepantfoDs  ordl- 
narily  recommended  for  children  hi  pleuritic  cough  are  not  effeotiTe  in  this  oondltloiL 
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adult.  This  is  not  true,  however,  for  the  young  of  other  species. 
Cats  under  15  days  of  age  tolerate  twice  the  toxic  dose  of  morphin 
for  the  adult  cat.  Young  beeves  and  goats  are  likewise  more  resistant 
to  this  alkaloid  than  adults.  On  the  other  hand,  according  to  Livon,** 
yoimg  guinea  pigs  are  more  sensitive  to  alkaloids  than  adults.  The 
toxicity  of  caflfein,  as  shown  in  the  present  investigation,  was  found 
to  be  less  in  the  yoimg  than  in  the  adult.  In  dogs  the  young  subjects 
are  in  some  instances  almost  twice  as  resistant  as  adults.  The  differ- 
ence was  found  to  be  less  in  cats  and  rabbits  than  in  dogs,  but  it  was 
quite  marked. 

The  effect  of  season  on  the  toxicity  of  drugs  has  been  discussed  in 
the  section  on  the  experiments  on  guinea  pigs,  which  were  more  re- 
sistant to  caffein  in  the  fall  than  in  February  and  March.  The  effect 
of  season  seems  to  vary  with  the  animal,  but  it  may  also  differ  with  the 
substance  employed.  In  Noe^s  •*  studies  on  this  subject  cantharidin 
was  found  to  be  more  toxic  for  the  hedgehog  in  November  than  in 
July.  The  effect  of  season  was  different  for  morphin,  as  it  was 
observed  that  the  resistance  of  the  hedgehog  was  greater  at  the  end 
of  the  sunmier  than  earlier  in  the  season. 

The  relation  of  diet  to  toxicity  of  drugs  has  been  studied  by  Himt.'^ 
His  experiments  indicate  that  this  is  an  important  factor  in  the  resist- 
ance to  acetonitril.  The  studies  here  reported  on  the  effect  of  diet 
on  toxicity  of  caffein  in  rabbits  were  confined  to  experiments  with 
oats  and  carrots  and  do  not  show  any  modification  of  the  resistance 
to  caffein.  The  question  of  diet  in  chronic  intoxication  in  dogs,  how- 
ever, suggests  that  in  these  animals  diet  may  affect  the  toxicity  of 
caffein,  although  the  data  on  this  subject  are  far  from  satisfactory. 
There  is  nevertheless  sufficient  evidence  to  suggest  that  a  high  protein 
diet  for  the  adult  dog  tends  to  greater  resistance  of  the  animal  to 
caffein  and  similarly  the  growing  dog  tolerates  larger  quantities  of 
caffein  on  a  milk  diet  than  on  a  diet  of  meat. 

This  brings  us  to  a  consideration  of  the  behavior  of  caffein  in 
chronic  intoxication.  Although  in  both  rabbits  and  dogs  absence  of 
cumulation  was  evident,  in  other  respects  decided  differences  in  the 
resistance  to  caffein  were  observed.  While  the  rabbit  tolerates  more 
than  twice  the  single  dose  of  caffein  per  kilo  for  the  dog,  the  result  is 
quite  different  in  repeated  dosage  of  the  drug,  the  rabbit  succumbing 
to  continued  administration  of  much  smaller  doses  of  the  drug  than 
the  dog.  This  is  probably  due  to  lesions  of  the  gastro-intestinal  canal 
caused  by  caffein  which  occasions  loss  of  appetite  much  more  readily 
in  the  rabbit  than  in  the  dog.  The  abundant  energy  reserve  in  the 
dog  makes  it  possible  for  this  animal  to  stand  inanition  much,  longer 
than  the  rabbit  and  other  herbivora.  The  difference  in  the  behavior 
of  the  rabbit  and  dog  toward  caffein  is  interesting  as  showing  complete 
reversal  of  resistance  in  acute  and  chronic  intoxication.     From  the 
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statement  in  the  introduction  it  is  evident  that  the  size  of  the  single 
toxic  or  lethal  dose  of  a  substance  is  in  no  wise  an  index  of  the  active 
d^ree  of  its  toxicity.  The  experiments  with  caffein  here  reported 
furnish  additional  evidence  that  this  is  true,  at  least  for  the  rabbit. 

OEITEEAL  SUMMABT  AJSTD  CONCLUSIONS. 

The  toxicity  of  caffein  in  the  rabbit  varies  with  the  mode  of  its 
administration,  being  least  when  given  by  mouth  and  greatest  by 
intravenous  administration.  The  toxicity  is  from  16  to  20  per  cent 
greater  by  subcutaneous  injections  than  by  mouth,  but  is  about  half 
of  that  when  injected  into  the  peritoneal  cavity.  No  difference  was 
observed  in  the  toxicity  of  caffein  whether  administered  into  gluteal 
or  into  the  lumbar  muscles.  When  introduced  by  this  route  the 
toxicity  was  found  to  be  less  by  one-third  than  when  it  is  injected 
into  the  peritoneal  cavity,  but  is  about  30  per  cent  more  toxic  than 
the  subcutaneous  injections.  White  or  black  rabbits  were  found  to 
be  less  resistant  to  caffein  than  gray  rabbits. 

The  resistance  of  the  guinea  pig  to  caffein,  as  of  the  rabbit,  is 
greatest  when  given  by  mouth.  The  minimum  fatal  dose  is  less  by 
intraperitoneal  injections,  but  greater  than  by  subcutaneous  injec- 
tions, thus  differing  from  the  rabbit  in  this  regard.  The  adult  cat 
is  less  resistant  than  the  guinea  pig  or  rabbit  to  caffein.  The  mini- 
miun  lethal  dose  by  mouth  is  the  same  as  by  subcutaneous,  and  is 
less  than  by  intraperitoneal,  injection.  The  minimum  fatal  dose 
for  dogs  was  found  to  be  the  same  by  mouth  as  by  subcutaneous  in- 
jection and  is  almost  the  same  as  for  the  cat.  The  toxicity  of  caffein 
varies  in  the  guinea  pig  according  to  season  of  the  year. 

Age  is  Ukewise  a  factor  in  the  toxicity  of  caffein,  young  animals 
being  more  resistant  than  the  full-grown  and  older  animals;  this  was 
shown  in  experiments  on  rabbits,  cats,  and  dogs.  The  symptoms  of 
caffein  poisoning  also  wet*e  different  in  puppies  and  in  full-grown  dogs. 
Different  diets,  such  as  carrots  and  oats,  did  not  influence  the  resist- 
ance of  rabbits  and  guinea  pigs  to  caffein.  Low  protein  diet  tends 
to  decrease  resistance  to  caffein  in  dogs.  Young  growing  dogs  are 
less  resistant  to  caffein  on  a  meat  than  on  a  milk  diet.  Caffein  is 
not  cumulative  in  the  rabbit  or  dog,  even  if  administered  for  a  con- 
siderable length  of  time.  Some  degree  of  tolerance  may  be  induced 
in  the  rabbit  under  certain  conditions,  but  not  in  dogs  under  the 
conditions  of  the  experiments  made  in  this  investigation.  The  possi- 
bility, however,  that  dogs  may  acquire  tolerance  for  caffein  is  not 
excluded.  Although  the  rabbit  tolerates  a  much  larger  single  dose 
of  caffein  than  the  dog,  it  was  found,  in  experiments  on  chronic 
intoxication  that  the  rabbit  is  less  resistant  to  caffein  than  the  dog. 
The  toxicity  of  caffein  is  probably  increased  imder  pathological  con- 
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ditions,  since  comparatiyely  smaller  doses  were  fatal  to  rabbits,  cats, 
and  dogs*;  when  marked  lesions  not  due  to  caffein  were  found  at 
autopsy.  Glycosuria  was  observed  in  rabbits,  guinea  pigs,  and  cats 
when  caffein  was  given  in  sufficient  amounts. 

Table  18. — Acute  caffein  irUoxication :  Table  showing  average  minimum  toxic  and 
minimum/alal  doses  for  adult  animeds. 


Effect  of 
doee. 

Dose  per  kilo  (granu.) 

Animal. 

Subcuta- 
neously. 

By  mouth. 

Intraper- 
itoneaUy. 

Intra, 
muacolar. 

Intra- 
venous. 

Rabbit,  gray 

it 

0.15 
.       .30 

0.325 
.350 

0. 10(M).  125 
.150 

0.13-0.16 
.20 

0.06 

Rfthhit  vrhltA  or  hlnrlr 

0.10-  .16 

Ouinea  pig 

\Fatal.... 

/Toxic... 
\Fatal.... 

/Toxic... 
\Fatal.... 

.20 

0. 15-  .  16 
.20-  .24 

.12-  .14 
.15 

.290 

.150 
0.280- .300 

.125 
.150 

.100-  .120 
. 140-  .  150 

.200" 

.240-  .250 

.12&-  .150 
.180- .200 

Cat 

Doff 

\Fatal.... 

.i&^  .ie 

Non.— The  doses  given  in  this  table  are  approximate. 
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ILLUSTRATIONS. 


Plate  I.  Fig.  a. — First  crop  of  plants,  grown  9  days  in  (1)  distilled  water ; 

(2)  distilled  water+calcium  carbonate;  (3)  sodium  nitrate; 
(4)  sodium  nitrate+calcium  carbonate.  Fig.  6. — ^First  crop 
of  plants,  grown  9  days  in  (1)  distilled  water;  (2)  distilled 
water+calcium  carbonate;  (3)  sol.  5,  potassium  chlorid; 
(4)  soL  6,  potassium  chlorid+calcium  carbonate;  (5)  soL  9, 
hydrochloric  acid;  (6)  sol.  10,  hydrochloric  acid+calcium 
carbonate  

II.  Fig.  a. — First  crop  of  plants,  grown  9  days  in  (1)  distilled 
water;  (2)  distilled  water+calcium  carbonate;  (3)  sol.  7, 
potassium  sulphate;  (4)  sol.  8,  potassium  sulphate +calcinm 
carbonate;  (5)  sol.  11,  sulphuric  acid;  (6)  soL  12,  sulphuric 
acid+calcium  carl>onata  Fig.  6. — First  crop  of  plants,  grown 
9  days  in  (1)   distilled  water;    (2)   soL  3,  sodium  nitrate; 

(3)  sol.  7,  potassium  sulphate;  (4)  sol.  13,  sodium  nitrate+po- 
tassium   sulphate 

IIL  Fig.  a. — Second  crop  of  plants,  grown  5  days  in  residual  solu- 
tions (1)  distilled  water;  (2)  distilled  water+calcium  car- 
bonate; (3)  sodium  nitrate;  (4)  sodium  nitrate+calcium  car- 
bonate. Fig.  6. — Second  crop  grown  5  days  in  residual  solu- 
tions (1)  distilled  water;  (2)  distilled  water+calcium  car- 
bonate; (3)  sol.  5,  potassium  chlorid;  (4)  sol.  6,  potassium 
chlorid+calcium  carbonate;    (6)    sol.  9,  hydrochloric  acid; 

(6)  soL  10,  hydrochloric  acid+calcium  carbonate 
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IV.  Pig.  a. — Second  crop  of  plants,  grown  5  days  in  residual  solu- 
tions (1)  distilled  water;  (2)  distilled  water+calcium  car- 
bonate; (3)  sol.  7,  potassium  sulphate;  (4)  sol.  8,  potassium 
sulpha te+calcium  carbonate;  (5)  sol.  11,  sulphuric  acid; 
(6)  sol.  12,  sulphuric  acld+calcium  carbonate.  Fig.  6. — 
Second  crop  of  plants,  grown  5  days  In  residual  solutions 
(1)  distilled  water;  (2)  sol.  3,  sodium  nitrate;  (3)  sol.  7, 
potassium  sulphate;  (4)  sol.  13,  sodium  nitrate  and  potassium 

sulphate 12 

V.  Fig.  a. — Crop  grown  5  days  in  (1)  distilled  water;  (2)  distilled 
water +aluminum  hydrate;  (3)  potassium  chlorid;  (4) 
potassium  clilorid+aluminum  hydrate;  (5)  hydrochloric  acid; 
(6)  hydrochloric  acid+aluminum  hydrate.  Fig.  6. — Crop 
grown  5  days  in  (1)  distilled  water;  (2)  distilled  water-f 
aluminum  hydrate;  (3)  potassium  sulphate;  (4)  potassium 
sulphate+aluminum  hydrate;   (5)  sulphuric  acid 16 

VI.  Fig.  a.— Crop  grown  5  days  in  (1)  distilled  water;  (2)  distilled 
water +aluminum  hydrate;  (3)  sodium  nitrate;  (4)  sodium 
nltrate+alumlnum  hydrate;  (5)  sodium  hydrate;  (6)  sodium 
hydra te+ aluminum  hydrate.  Fig.  b, — Crop  grown  5  days  In 
(1)    distilled   water;    (2)    sodium   nitrate;    (3)    potassium 

chlorid;  (4)  potassium  sulphate;  (5)  potassium  nitrate 16 

VII.  Fig.  a. — Crop  grown  5  days  In  (1)  distilled  water;  (2)  distilled 
water +ferrlc  hydrate;  (3)  potassium  chlorid;  (4)  potassium 
chlorld+ferrlc  hydrate;  (5)  hydrochloric  acid;  (6)  hydro- 
chloric acid + ferric  hydrate.  Fig.  6. — Crop  grown  5  days  in 
(1)  distilled  water;  (2)  distilled  water+ferrlc  hydrate;  (3) 
potassium  sulphate;  (4)  potassium  sulphate+ ferric  hydrate; 

(5)  sulphuric  acid;  (6)  sulphuric  acld+ferrlc  hydrate 16 

VIII.  Fig.  a. — Comparison  of  entire  pan  of  wheat  plants  grown  In 
(1)  distilled  water:  (2)  potas^um  suli^iate;  and  (3)  potas- 
sium sulphate + calcium  carbonate.  Fig.  6. — Clover  planto 
grown  with  wheat  in  (1)  distilled  water;  (2)  distilled  water-f 
calclum  carbonate;  (3)  potassium  sulphate;  (4)  potassium 
sulphate+calcUun   carbonate 16 
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THE  GROWTH  OF  WHEAT  SEEDLINGS  AS  AFFECTED 
BY  ACID  OR  ALKALINE  CONDITIONS. 


INTBODUCTION. 

The  following  physiological  study  on  the  effect  of  the  reaction  of 
the  culture  medium  on  the  growth  of  wheat  seedlings  and  particu- 
larly on  the  development  of  the  root  was  undertaken  primarily  to 
determine  whether  or  not  the  results  obtained  in  practical  agriculture 
can  be  explained  in  the  laboratory  from  a  purely  scientific  standpoint. 

A  few  years  ago  Director  Thome,  of  the  Ohio  experiment  station, 
called  the  attention  of  one  of  the  authors  to  peculiar  conditions  exist- 
ing on  certain  of  his  fertilizer  experiment  plots,  to  which  potassium 
chlorid  and  potassium  sulphate  had  been  applied  annually  for  the 
past  12  years.  These  plots  had  become  so  acid  that  it  was  found 
impossible  to  grow  clover  on  them.  Liming  one-half  of  each  plot 
had  restored  that  half  to  almost  its  original  fertility.  This  acidity, 
he  said,  was  due  to  the  selective  action  of  the  root,  doubtless  a  correct 
explanation  which  will  be  considered  in  detail  later. 

There  seems  to  be  a  natural  tendency  for  all  soils  to  become  acid 
imder  continuous  culture,  due  chiefly  to  one  of  two  processes.  The 
primary  cause  of  this  acidity  is  the  decay,  of  organic  matter,  leaves, 
stems,  etc.,  which  during  decomposition  develop  acid-reacting  bodies. 
If  this  process  is  allowed  to  continue,  the  reaction  will  ultimately 
become  alkaline,  but  under  soil  conditions,  especially  if  the  aeration 
is  poor  and  the  water  level  high,  decay  is  apt  to  be  checked,  leaving 
the  soil  in  a  characteristic  acid  condition.  This  phase  of  soil  acidity, 
which  will  not  be  considered  in  this  bulletin,  has  been  studied  exten- 
sively during  the  past  few  years,  particularly  by  the  Ehode  Island  and 
Ohio  experiment  stations,  and  by  Mr.  Frederick  V.  Coville^  in  his 
elaborate  investigations  on  the  blueberry.  Peat  bogs  furnish  an 
exaggerated  case  of  acidity,  due  to  organic  matter.  The  secondary 
cause  of  soil  acidity  is  the  subject  of  the  investigation  herein  reported. 

^U.  8.  Dept.  Agr.,  Bureau  of  Plant  Industry  Bui.  103. 
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6  GBOWTH  OF  WHEAT  SEEDLINGS. 

EXPERIMENTS  WITH  NXTTBIENT  SOLUTIONS  AND  DISTILLED 
WATEB  CXTLTUBES. 

DESCRIPTION  OF  SOLUTIONS  AND  METHOD  OF  SOWING. 

The  following  experiments  were  carried  on  in  nutrient  solutions 
and  in  distilled  water  cultures,  eliminating  the  disturbing  factors 
due  to  the  presence  of  soil  grains.  For  the  most  part  wheat  was  used 
on  account  of  the  ease  in  handling  the  yoimg  seedlings.  The  seed, 
which  was  furnished  by  the  Pennsylvania  experiment  station,  was 
washed  with  warm  water  for  about  six  hours  and  then  sprinkled  on 
perforated  aluminum  disks  about  12  inches  in  diameter.  These  disks 
were  floated,  by  means  of  glass  tubes,  in  shallow  pans  which  held 
about  3  liters  of  water.  In  this  way  approximately  1,000  seeds  were 
used  in  each  pan.  The  preliminary  washing  removed  all  of  the 
readily  soluble  salts,  the  actual  apiounts  so  removed,  as  has  been 
shown  by  the  authors  in  previous  experiments  *  of  this  kind,  being 
quite  large.  The  distilled  water  was  prepared  especially  for  this 
purpose  and  a  small  amount  of  carbon  black  was  placed  in  each  pan. 

After  some  preliminary  work  a  set  of  13  pans  was  started,  as  fol- 
lows: 

Solution  1.  DistiUed  water. 

Solution  2.  Distilled  water  +  0.5  gram  of  calcium  carbonate. 

Solution  3.  150  parts  per  million  of  sodium  nitrate. 

Solution  4.  150  parts  per  million  of  sodium  nitrate  +  0.5  gram  of  calcium 
carbonate. 

Solution  5.  150  parts  per  miUion  of  potassium  chlorid. 

Solution  6.  150  parts  per  million  of  potassium  cblorid  +  0.5  gram  of  calcium 
carbonate. 

Solution  7.  150  parts  per  million  of  potassium  sulphata 

Solution  8.  150  parts  per  million  of  potassium  sulphate  +  0.5  gram  of  calcium 
carbonate 

Solution  9.  10  parts  per  mUlion  of  hydrochloric  acid. 

Solution  10.  10  parts  per  million  of  hydrochloric  acid  +  0.5  gram  of  calcium 
carbonate. 

Solution  11.  10  parts  per  milUon  of  sulphuric  acid. 

Solution  12.  10  parts  per  million  of  sulphuric  acid  +  0.5  gram  of  calcium 
carbonate. 

Solution  13.  150  parts  per  million  of  sodium  nitrate  +  75  parts  per  million 
of  potassium  sulphate. 

FIBST  CROP  OF  SEEDLINGS. 

These  cultures  were  started  January  24  and  grown  until  February 
2.  The  plants  were  then  harvested,  representative  samples  were 
selected  and  photographed,  and  the  others  were  dried,  weighed,  and 
prepared  for  analysis.  The  photographs  are  shown  in  Plates  I 
and  II,  the  controls  being  the  same  in  each  case.    The  solutions  were 

1 U.  S.  Dept.  Agr.,  Bureau  of  Chemistry  Bui.  138. 
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NUTRIENT  SOLUTIONS  AND  WATER  CULTURES.  7 

then  made  up  to  volume,  500  cc  withdrawn  for  analysis,  and  the 
remainder  saved  in  which  to  grow  a  second  crop. 

Reaction  of  the  residual  solution. — In  Table  1  are  shown  the  reac- 
tions and  titration  data  for  the  13  solutions  after  gathering  the  first 
crop ;  no  nitrates  and  only  a  trace  of  potash  remained  in  any  of  the 
solutions. 

Table  1. — Titration  of  the  culture  solutions  after  the  first  crop  was  harvested. 


No.  of 
solu- 
tk>D. 

Original  solution.  > 

Reaction  upon  boiling. 

Titration  of 

100  cc 
wlthtwen- 

tiethrnoi^ 
mal  sodium 

hydrate. 

1 

Distilled  water 

Slightly  add 

ec. 
0.1 

2 

Distilled  watw+calcium  carbonate 

Akftline 

3      ... 

8odiiiin  nUrate 

do 

4 

Sodium  nitrate+caldum  carbonate 

do 

5 

Potaasiuin  chlorid  < 

Add 

.8 

6 

Potaasiuni  chlorid +calciuni  carbonate 

A11rftl^n« 

7  . 

Potassium  sulphate 

Add 

1.2 

8 

Potassium  sulphate+calcium  carbonate 

APraiin^ 

9  .  .  . 

Hydrochloric  acid 

Add 

.1 

10 

Hvdrocblorio  acid +calcitnn  carbonate 

Alkaline 

U  .  ... 

Smpburio  add 

Add 

.2 

12 

Snlnhuric  acid+c^cium  carbonate  .    .         ... 

Alkaline 

13 

Bodimn  nitrate+imtaflsinni  sulphate 

do 

1                                       « 

1  See  page  6  ibr  amounts  of  constituents  in  each  solution. 

Effects  of  sodium  nitrate. — In  Plate  I,  figure  a,  a  slight  improve- 
ment, especially  in  root  development,  is  noticed  in  the  distilled- 
water  cultures  when  calcium  carbonate  is  added,  but  no  appreciable 
difference  is  seen  when  the  calcium  carbonate  is  added  to  the  sodium 
nitrate  solution.  By  reference  to  the  analysis  of  the  culture  solu- 
tions in  Table  1,  it  will  be  seen  that  control  No.  1,  at  the  close  of 
the  experiment,  showed,  upon  boiling,  a  slight  acid  reaction.  This 
was  probably  due  either  to  the  exudation  by  the  roots  of  some  acid- 
reacting  body  or  to  the  excretion  of  similar  bodies  by  the  seeds  them- 
selves. Nos.  2  and  4  were,  of  course,  alkaline  because  of  the  presence 
of  the  calcium  carbonate.  The  alkalinity  of  No.  3  was  due  to  the 
fact  that  all  of  the  nitrate  (NOg)  or  acid  radical  in  the  sodium  nitrate 
had  been  removed  by  the  plant,  while  some  of  the  sodium  or  alkaline 
radical,  being  less  rapidly  absorbed,  remained  in  the  solution,  form- 
ing, probably,  sodium  hydroxid.  This,  in  turn,  had  taken  up  carbon 
dioxid  and  was  existing  in  the  solution  as  sodium  bicarbonate. 

Relative  effects  of  potassium  chlorid  and  hydrochloric  acid. — In 
Plate  I,  figure  6,  are  shown  the  relative  effects  of  potassium  chlorid 
and  hydrochloric  acid  (solutions  5  and  6,  and  9  and  10).  The  plants 
removed  practically  all  of  the  potash  from  the  potassium  chlorid 
solution,  only  a  trace  remaining,  while  by  analysis  38  parts  per 
million  of  chlorin  out  of  a  total  of  71  still  remained  in  the  solution, 
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8  GROWTH  OF  WHEAT  SEEDUNGS. 

thus  dearly  showing  the  selective  ability  which  roots  possess  to  take 
up  one  part  or  radical  of  a  salt  and  to  leave  the  other.  All  of  this 
chlorin  did  not  exist  as  hydrochloric  acid,  for  after  boiling  and 
titrating  with  twentieth-normal  sodium  hydrate,  using  phenolphtha- 
lein  as  an  indicator,  a  reading  equivalent  to  only  14.6  parts  per 
million  of  hydrochloric  acid  was  obtained,  which,  however,  is  a 
much  larger  amount  of  free  acid  than  was  originally  present  in  solu- 
tions 9  and  10,  where  only  10  parts  per  million  of  acid  were  used. 

The  effects  of  the  strongly  acid  solutions  were  markedly  shown 
upon  the  roots,  that  is,  in  the  potassium-chlorid  solution  they  showed 
the  same  general  characteristics  as  those  grown  in  the  hydrochloric 
acid;  they  were  short,  stubby,  and  often  discolored,  the  tips  being 
enlarged,  and  many  of  the  roots  growing  in  the  shape  of  a  fishhook, 
a  characteristic  of  roots  grown  in  the  presence  of  some  toxic  sub- 
stance. Moore,  Roaf ,  and  Knowles,*  as  a  result  of  their  investiga- 
tion, found  that  the  smallest  amount  of  free  acid  arrests  the  growth 
and  nuclear  divisions  at  the  root  tip,  causirig  it  to  beoMne  thicker, 
while  dilute  alkali  stimulates  the  tip  to  excessive  nuclear  division. 

Of  the  10  parts  per  million  of  hydrochloric  acid  added  to  solution 
9,  only  1.8  parts  remained  in  solution  after  the  first  cropping.  The 
remainder  *was  either  absorbed  by  the  plants  or  the  carbon  black, 
or  was  neutralized  by  the  aluminum  disk.  Both  in  the  case  of  the 
potassium  chlorid  and  of  the  hydrochloric  acid,  the  presence  of 
calcium  carbonate  overcame  the  injurious  effects  of  the  acids  in  the 
solutions.  That  is,  of  course,  a  common  observation  and  hardly 
requires  citations  from  the  literature  to  substantiate  it.  Claudel  and 
Crochetelle*  found  that  when  they  used  ammonium  sulphate,  potas- 
sium chlorid,  or  potassium  sulphate  in  amounts  varying  from  500 
to  5,000  parts  per  million,  an  injurious  action  on  germination  was 
noted,  and  that  the  application  of  lime  neutralized  this  toxic  effect. 

The  results  obtained  by  the  use  of  lime  in  the  experiments  here 
reported  can  be  explained  only  by  assuming  that  the  lime  has  been 
used  to  neutralize  the  acids. 

E'ffect  of  reaction  of  the  solution  on  weight  of  roots  and  tops. — 
In  making  the  culture  medium  alkaline,  the  growth  of  the  root  has 
been  most  favorably  affected.  From  Table  2  it  is  seen  that  in  every 
case  where  lime  was  present  the  weight  of  the  roots  was  greater  than 
in  the  corresponding  case  without  lime,  and  especially  was  this  so 
where  hydrochloric  acid  and  sulphuric  acid  had  been  used,  with  and 
without  lime. 

^Effects  of  Variations  in  Inorganic  Salts  and  the  Reactivity  of  the  External  Meditun 
upon  the  Nutrition,  Growth,  and  Cell  Diyision  in  Plants  and  Animals.  Biochem.  J^ 
1908,  5:279. 

2  Lea  engrais  et  la  germination.    Ann.  Agron.,  1896,  £2;  131 
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Fig.  a.— First  crop  of  plants,  grown  9  days  In  (1)  distilled  water;  (2)  distilled  water  +  calcium 
carbonate;  (3)  sodium  nitrate;  (4)  sodium  nitrate  +  calcium  carbonate. 


Fig.  b.-Flrstcrop  of  plants,  grown  9  davs  in  (1)  distilled  water;  (2)  distilled  water  +  calcium 
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Fig.  a. —  First  crop  of  plants,  grown  9  days  in  (1 )  distilled  water;  (2)  distilled  water  +  calcium 
carbonate;   (3)  sol.  7,  potassium  sulphate;  (4)  sol.  8.  potassium  sulphate  +  calcium  car- 


bonate; (5)  sol.  11.  sulphuric  acid;  (6)  sol.  12.  sulphuric  acid  +  calcium  carbonate. 


(ndis 
12.  su 


Fig.  b.— First  crop  of  plants,  grown  9  days  In  (1)  distilled  water;  (2)  sol.  3,  sodium  nitrate: 
(3)  sol.  7,  potassium  sulphate;  (4)  sol.  13.  sodium  nitrate  +  P)g!|fts.^^C],s^ll$t^  J^IC 


Digitized  by 


Google 


NUTBIENT  SOLUTIONS  AND  WATER  CULTURES. 
Table  2. — Dry  weight  of  first  crop  of  plants. 


9 


No.  of 
sola- 
tion. 

Original  solation. 

100  tops. 

100  roots. 

100  whole 
plants. 

DtetiUfd  water 

QravM. 

1.013 

.953 

1.012 

.932 

1.088 

1.013 

1.055 

.933 

.870 

.888 

.914 

1.063 

.878 

Gramt. 
a  575 
.704 
.626 
.673 
.466 
.630 
.457 
.672 
.320 
.577 
.392 
.682 
.528 

QratM, 
2.041 

Distilled  water+caidum  carbonate 

2.176 

Sodium  nitrate 

2.090 

Rn<iiirni  nltr^te+calclnra  carbonate . 

2.186 

PotfimiiiTn  fh^orid 

2.218 

Potassium  chlorid+caldum  carbonate 

2.247 

PotAA^inm  enlpbate 

2.342 

Potassium  sulphate+caldum  carJxmate 

2.288 

Hydrochloric  acid 

2.103 

Hydrochloric  acid+calcium  carlwnate 

2.185 

Sulphuric  add 

1.910 

Sulphuric  add+ caldum  carbonate 

2.092 

Sooium  nitrate+ potassium  sulphate 

2.055 

The  following  tabulation  shows  the  increase  in  weight  of  one 
hundred  roots  in  each  case  when  lime  was  added : 


SoluUon. 

Oram. 

SoluUon. 

Oram. 

Distilled  water 

0.129 
.048 
.173 

Potassium  milpbate ,,..-- 

0.215 

Sodium  nitrate 

Hydrochloric  acid.       .            

.257 

Potaflsinm  ch  lorid .    . . 

Sulphuric  add 

.290 

These  figures  indicate  that  the  least  increase  was  found  in  the 
sodium  nitrate  solution.  This  is  explained  by  Table  1,  which  shows 
that  even  when  sodium  nitrate  was  used  alone  the  solution  was 
alkaline  at  the  end  of  the  experiment,  and  therefore  the  further  use 
of  calcium  carbonate  simply  acted  as  a  stimulant  to  a  very  slight 
extent. 

The  weight  of  the  tops,  or  rather  of  the  stems  grown  in  solutions 
with  and  without  lime,  show  no  such  marked  difference,  indicating 
that  the  appearance  of  the  stems  of  young  wheat  seedlings  is  not 
always  a  criterion  of  the  vigor  of  the  plant  and  therefore  of  the 
probable  yield  of  the  mature  crop.  In  other  words,  the  root  system 
may  be  a  better  indicator  as  to  the  probable  success  of  a  crop  than 
the  appearance  of  the  portion  above  ground.  I 

The  effects  on  the  root  development,  due  to  the  acidity,  are  always 
easily  noticeable  in  water-culture  experiments  such  as  these,  but  in 
field  tests  the  results  of  applications  of  single  fertilizers,  for  example, 
potassium  chlorid,  potassium  sulphate,  ammonium  chlorid,  or  am- 
monium sulphate,  are  not  necessarily  apparent  in  so  short  a  time, 
due  to  the  fact  that  there  may  be  many  substances  in  soils  which 
neutralize  the  acid  thus  formed. 

Relative  effects  of  potassium  sulphate  and  sulphuric  acid. — In 
Plate  II,  figure  a,  are  shown  in  a  similar  way  the  comparative  effects 
of  potassium  sulphate  and  sulphuric  acid.  With  the  potassium  sul- 
phate the  plants  removed  all  of  the  potash,  but  left  57  out  of  a  total 
18110*— Bull.  149—12 2 
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of  82  parts  per  million  of  sulphate  in  solution.  This  solution  showed 
on  analysis  29.4  parts  per  million  of  sulphuric  acid,  an  amount  more 
than  twice  as  large  as  that  originally  present  in  solution  11,  thus 
again  showing  the  extent  to  which  the  selective  action  of  roots  for 
one  radical  of  a  salt  may  be  carried.  Leclerc  du  Sablon  *  put  forth 
the  theory  that  such  useful  ions  as  potassium  (K),  phosphorus  (PO4), 
nitrogen  (NO3),  and  iodin  (I)  combine  with  the  organic  substance  of 
the  plant,  thus  relieving  the  osmotic  pressure  within  the  plant  and 
permitting  a  still  larger  quantity  of  these  ions  to  be  absorbed.  On 
the  other  hand,  such  ions  as  chlorin  (CI)  and  sodium  (Na)  do  not 
form  this  organic  combination,  the  result  being  that  the  pressure 
inside  the  plant  soon  equals  that  outside,  and  the  plant  is,  therefore, 
satisfied  with  a  relatively  small  amount  of  them. 

Of  the  10  parts  per  million  of  sulphuric  acid  present  in  solution 
11,  all  but  4.9  parts  per  million  disappeared.  The  appearance  of 
the  plant  roots  in  the  potassium  sulphate  solution  was  even  worse 
than  that  of  those  grown  in  potassium  chlorid.  Maze^  obtained 
results  which  may  be  similarly  interpreted  in  his  experiments  in 
growing  corn  in  water  cultures.  He  found  that  when  ammonium 
sulphate  was  used  the  crop  was  not  so  well  developed  as  when  am- 
monium chlorid  was  applied.  Calcium  carbonate  overcame  the  in- 
jurious effects  in  these  as  in  the  preceding  cultures,  thus  again  show- 
ing how  beneficial  it  is  to  the  crop  to  maintain  the  alkalinity  of  the 
culture  medium. 

The  effect  of  sodium  nitrate  and  potassium  sulphate  separately  and 
in  combination. — In  Plate  II,  figure  &,  are  shown  the  cultures  of  sodium 
nitrate  (alkaline  reacting),  potassium  sulphate  (acid  reacting),  and  a 
mixture  of  the  two.  The  mixture  was  prepared  so  as  to  become  alka- 
line and  produce  good  plants,  and  it  did  so.  In  this  case  the  nitrate  of 
the  sodium  nitrate  and  the  potassium  of  the  potassium  sulphate  were 
drawn  up  into  the  plant,  while  the  sodium  left  in  solution  from  the 
sodium  nitrate  combined  with  the  sulphate  from  the  potassium  sul- 
phate to  form  sodium  sulphate,  with  a  sufficient  excess  of  sodium  to 
make  the  solution  alkaline. 

Discussion  of  data  obtained  on  the  first  crop. — All  of  the  culture 
solutions  to  which  no  sulphate  was  added ;  that  is,  the  sodium  nitrate, 
the  hydrochloric  acid,  and  the  distilled  water  cultures,  contained  a 
small  amount  of  SO4,  due  probably  to  its  excretion  from  the  seed. 
In  solutions  7  and  8,  however,  containing  150  parts  per  million  of 
potassium  sulphate,  the  amounts  of  SO4  were  noticeably  large,  57  out 
of  the  87  parts  per  million  being  found  in  the  solution.  This  was 
about  6  times  more  than  was  found  in  the  sulphate-free  solutions 
and  would  seem  to  indicate  that  the  plant  at  this  stage  does  not 

>D4gaKement  d'eau  par  les  plantes,  Rev.  gto.  Bot.,  1909,  tl:  295. 
•Compt.  rend.,  1911,  152:783. 
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require  much  more  than  25  to  30  parts  per  million  of  SO4,  since  a 
much  larger  amount  was  at  their  disposition  during  the  whole  period 
without  any  larger  amount  being  absorbed.  These  two  solutions, 
Nos.  7  and  8,  containing  87  parts  per  million  of  SO4  and  63  parts 
per  million  of  potash,  respectively,  show  very  clearly  to  what  extent 
selective  action  is  practiced  by  the  roots.  At  the  end  of  the  experi- 
ment all  of  the  potash  had  been  taken  up  by  the  plant,  while  only 
30  parts  per  million  of  SO4  were  thus  absorbed. 

Solutions  5  and  6  show  the  same  selective  process  going  on  in  the 
case  of  potassium  chlorid.  These  solutions  contained  at  the  begin- 
ning of  the  experiment  79  parts  per  million  of  the  potash  ion  and  71 
parts  per  million  of  the  chlorid  ion.  At  the  end  of  the  experiment 
no  potash  was  found  in  the  solution,  indicating  that  the  plant  had 
absorbed  the  whole  of  this  element,  while  35  to  38  parts  per  million 
of  chlorid  were  still  present.  These  results  are  at  variance  with 
those  obtained  by  J.  de  Rufz  de  Lavison,*  who,  after  growing  the 
young  seedling  five  days  in  twentieth-normal  potassium-chlorid  solu- 
tion, found  that  the  concentration  of  the  solution  was  about  equal 
to  that  originally  used.  The  probable  reason  for  such  a  deduction 
is  that  a  potassium-chlorid  solution  of  twentieth-normal  strength 
is  equivalent  to  3,700  parts  per  million,  a  solution  so  strong  that  even 
if  the  plant  did  exercise  a  normal  selective  action  of  30  to  50  parts 
per  million,  it  would  be  most  difficult  to  detect  such  a  change  in  a 
solution  of  the  concentration  mentioned. 

The  pans  containing  (1)  the  control,  (2)  the  potassium-sulphate 
solution,  and  (3)  the  potassium  sulphate  with  calcium  carbonate,  as 
given  in  Plate  VIII,  figure  a^  show  that  the  differences  in  the  de- 
velopment of  the  roots  are  marked  and  that  the  few  plants  selected 
for  the  plates  previously  shown  were  not  exceptions  to  the  rule.  In 
every  case  the  plants  grown  in  the  presence  of  lime  presented  a 
healthier  and  more  vigorous  appearance  than  those  grown  in  the 
corresponding  solutions  without  lime. 

While  the  tops  of  the  plants  grown  in  the  culture  solutions  con- 
taining calcium  carbonate  were  larger  and  presented  a  much  better 
appearance  than  the  others,  yet  their  dry  weight  was  not  necessarily 
greater ;  on  the  other  hand,  the  dry  weight  of  the  roots  was  increased 
in  every  case  by  the  addition  of  calcium  carbonate. 

Although  the  original  seeds  and  the  seedlings  all  contained  sulphur 
in  organic  combination,  yet  no  weighable  amount  of  inorganic  sul- 
phate was  found  in  the  ash  of  the  plants,  except  in  those  to  which 
sulphate  or  sulphuric  acid  had  been  added. 

In  the  solutions  to  which  calcium  carbonate  had  been  added  the 
carbon  dioxid  which  was  given  off  by  the  roots  combined  with  the 

*  Du  rOle  4Iectl£  de  ]a  raclne  dans  Tabsorptlon  des  sels.     Comp.  rend.,  1910,  ISi:  675. 
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calcium  carbonate  and  brought  a  relatively  high  amount  of  lime  into 
solution  as  calcium  bicarbonate,  making  the  solutions  distinctly 
alkaline. 

SECOND  CROP  OF  SEEDLINGS. 

Reaction  of  residual  solution  and  weight  of  crop. — ^After  the  first 
crop  of  seedlings  was  removed  from  the  pans,  more  seeds  that  had 
been  thoroughly  washed  were  sprinkled  on  the  aluminum  disks  and 
allowed  to  germinate  and  grow  as  a  second  crop  for  five  days. 
Samples  were  then  photographed,  as  shown  in  Plates  III  and  IV, 
The  solutions  were  again  made  up  to  their  original  volumes  and 
titrated  with  the  results  given  in  Table  3. 

Table  3. — Titration  of  culture  solutions  after  harvesting  the  second  crop  of 

seedlings. 


No.  of 
floln- 
tion. 


Original  treatment.1 


ReBCtion  apon  boiling. 


Titration 
of  100  00 

with 

twentietb- 

normal 

sodltim 

hydrat«. 


Distilled  water 

Distilled  water+caldum  carbonate 

Sodium  nitrate 

Sodium  nitrate+ calcium  carbonate 

Potaasium  chlorid 

Potassium  chlorid+caldum  carbonate. . 

Potaasium  sulphate 

Potassium  sulphate+caldum  carbonate 

Hydrochloric  add 

Hydrochloric  add+caldum  carbonate . . 

Sulphuric  acid 

Sulphuric  add+caldum  carbonate 

Sooium  nitrate+potaaaium  sulphate. . . 


Add 

cc. 
O.S 

Alkaline 

Add 

.7 

Alkaline 

Add 

3.S 

Allri^HflA.  , , 

Add 

1.5 

Alkftline 

Add 

.ft 

Alkaline 

Add 

.6 

Alkaline 

Acid 

.5 

'  For  full  description  of  mlutiona,  see  p.  6. 


The  plants  were  dried  and  weighed  as  in  the  case  of  the  first  crop, 
the  results  being  shown  in  Table  4. 

Table  4. — Weight  of  second  crop  of  plants. 


No.  of 

Original  treatment. 

Green 
wdght  of 
100  tops. 

Dry  wdght. 

solu- 
tion. 

100  tops. 

100  roots. 

lOOreddnal 
seeds. 

1 

Distilled  water 

OraiM, 
7.04 
9.25 
9.00 
10.62 
6,14 
9.78 
5.62 
9.22 

QrarM. 
1.51 
1.86 
1.80 
1.98 
1.49 
L89 
1.40 
1.94 
1.21 
2.09 
1.60 
1.62 
1.76 

Oram, 
0.499 
.770 
.564 
.728 
.434 
.700 
.446 
.698 
.338 
.734 
.518 
.652 
.574 

Oram, 
0.500 

2 

Distilled  water+caldum  carbonate 

.298 

3 

Sodium  nitrate 

.398 

A 

Sodium  nitrate+calaum  carbonate 

.270 

5 

Potassium  chlorid 

.616 

6 
7 

Potassium  chlorid+caldum  carbonate 

Potassium  sulphate 

.390 

.772 

8 
9 

Potassium  sulphate+caldum  carbonate 

Hydrochloric  add 

.832 

.378 

10 
11 

Hydrochloric  add+caldum  carbonate 

Sulphuric  add.. 

10.54 
7.08 
9.64 
9.12 

.380 
.362 

12 

Sulphuric  add+(»idum  carbonate 

.314 

13 

Bod^nm  nitrate+potaaaium  aulphate 

.370 
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Fl^. 
til 


.  a.— Second  crop  of  plants,  grown  5  days  In  residual  solutions  (1)  distilled  water;  (2)  dis- 
hed water  +  calcium  carbonate;    (3)  sodium   nitrate;   (4)  sodium   nitrate  +  calcium 


Fig.  b.— Second  crop,  grown  5  days  In  residual  solutions  (1) distilled  water;  (2) distilled  water 
+  calcium  carbonate;  (3)  sol.  5,  potassium  chlorid;  (4)  sol.  6.  potassium  chlorid  +  calcium 
carbonate;  (5)  sol.  9,  hydrochloric  acid;  (6)  sol.  10,  hydrochloric  acid  +  calcium  carbonate. 
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Fig.  a.— Second  crop  of  plants,  grown  5  days  in  residual  solutions  (1)  distilled  water;  (2) 
distilled  water  +  calcium  carbonate;  (3)  sol.  7,  potassium  sulphate;  (4)  sol.  8,  potassium 
sulphate  +  calcium  carbonate;  (5)  sol.  11,  sulphuric  acid;  (6)  sol.  12.  sulphuric  acid  +cai- 

r>iiim  rnrhnnite 


clum  carbonite 


Fig.  b.— Second  crop  of  plants,  grown  5  days  in  residual  solutions  (1)  distilled  water;  (2) 
sol.  3,  sodium  nitrate;  (3)  sol.7,  potassium  sulphate;  (4)  sol.  13,  sodium  nitrate  and  potas- 
sium sulphate. 
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Effects  of  sodium  nitrate, — By  reference  to  Plate  III,  a  marked 
difference  will  be  noted  between  the  distilled  water  control  and  the 
distilled  water  with  calcium  carbonate,  a  difference  much  greater 
than  was  shown  in  growing  the  first  crop  (see  Plates  I  and  IE).  It 
will  also  be  noticed  from  Table  3  that  the  acidity  of  the  solution  has 
increased  threefold  since  the  first  cropping.  Solution  3,  Table  3,  con- 
taining sodium  nitrate,  which  was  alkaline  after  the  first  cropping, 
has  now  also  become  acid.  The  sodium  evidently  either  was  ab- 
sorbed by  the  plant  or  was  neutralized  by  some  organic  acid.  Solu- 
tions 2  and  4,  of  course,  remained  alkaline. 

Relative  effects  of  potassium  cklorid  and  hydrochloric  acid. — In 
Plate  III,  figure  J,  the  relative  effects  of  potassimn  chlorid  and 
hydrochloric  acid  are  again  shown.  The  plants  grown  in  the  potas- 
sium chlorid  solution,  which,  when  the  second  crop  was  sown,  con- 
tained no  potash  but  a  considerable  amount. of  acid,  made  prac- 
tically no  root  growth  and  a  very  poor  leaf  development.  On  the 
other  hand,  the  plants  grown  in  the  hydrochloric-acid  solution  which 
contained  only  one-eighth  as  mudi  acid  made  a  much  better  growth 
both  in  roots  and  tops. 

Relative  effects  of  potassium  sulphate^  sodium  nitrate^  and  sul- 
phuric acid. — In  Plate  IV,  figure  a,  are  shown  the  residual  effects  of 
the  potassium  sulphate  and  sulphuric  acid.  What  has  just  been 
said  of  the  potassium-chlorid  plants  and  the  hydrochloric-acid  plants 
is  in  the  main  true  of  the  potassium-sulphate  plants  and  the  sul- 
phuric-acid plants  also.  Figure  b  illustrates  the  residual  effect  of 
sodium  nitrate  and  potassium  sulphate  used  singly  and  in  com- 
bination. 

COMPARISON  OF  THE  FIRST  AND  SECOND  CROPS. 

A  striking  difference  will  be  noticed  between  the  plants  grown  in 
the  potash  solutions  in  the  first  and  second  crops,  when  no  calcium 
carbonate  was  present.  The  plants  in  the  first  crop  had  practically 
as  much  acidity  to  contend  with  during  the  latter  days  of  their 
growth  as  the  plants  of  the  second  crop  had  during  the  first  few 
days  of  their  growth,  yet  the  first  crop  was  much  better  than  the 
second  crop.  This  difference  was  not  due  to  the  fact  that  the  second 
crop  was  deficient  in  potash,  for  the  control  pans  containing  calcium 
carbonate  but  no  potash  gave  excellent  plants.  It  is  to  be  noted  that 
the  first  crop  had  to  contend  only  with  a  gradually  increasing  amount 
of  acidity  due  to  the  absorption  of  potash  from  the  solution  in  which 
it  was  growing,  and  it  was  therefore  able  to  accommodate  itself  and 
to  endure  much  more  acidity  than  if  it  had  been  placed  in  the 
stronger  acid  solution  at  first,  as  was  done  in  the  case  of  the  second 
crop.  It  has  been  shown  by  Mr.  Jensen,  of  the  Bureau  of  Plant 
Industry,  in  a  piece  of  unpublished  work,  that  the  enzymic  activity 
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of  a  wheat  seedling  is  greatest  during  the  first  few  days  of  its 
growth,  this  being  especially  true  of  the  oxydases  and  peroxydases 
of  the  root  tip.  These  enzyms  are  particularly  sensitive  to  acids, 
and  their  destruction  would  mean  a  cessation  of  growth.  The  first 
crop  had  evidently  passed  the  critical  period  with  reference  to  this 
enzymic  activity  before  the  acidity  of  the  soluticm  had  developed  to 
such  a  degree  as  to  prohibit  it.  When  the  second  crop  was  placed  in 
the  solution  the  acidity  was  high  enough  to  practically  prohibit  the 
action  of  the  enzyms  and  the  plants  were  unable  to  tide  over  this 
critical  period.  The  effect  of  toxic  bodies  upon  the  oxydases  and 
peroxydases,  that  are  so  active  during  the  first  few  days  of  a  plant's 
growth,  is  an  important  factor  boUi  in  agricultural  practice  and  in 
scientific  research  and  one  that  is  often  overlooked. 

Many  substances  that  are  classified  as  plant  stimulants  or  depres- 
sants no  doubt  derive  -their  reputation  in  a  great  measure  from  their 
effect  upon  the  enzyms.  Their  beneficial  or  injurious  effects  would 
only  be  noticed  during  the  first  few  days  of  the  plant's  growth  when 
its  enzymic  activity  is  so  pronounced. 

It  will  be  noticed  in  the  case  of  the  second  crop  that  the  alkalinity 
of  the  solution  increased  both  the  green  and  the  dry  weight  of  the 
tops  and  the  dry  weight  of  the  roots.  In  the  case  of  the  residual  seeds 
that  were  removed  from  the  plants  the  reverse  is. true.  The  pre^nce 
of  an  acid  in  the  solution  prevented  the  food  material  that  was  stored 
up  in  the  seed  from  being  transported  into  the  plant.  The  residual 
seeds  were  therefore  much  lighter  when  calcium  carbonate  was  pres- 
ent than  when  it  was  absent. 

After  the  second  crop  had  been  gcown  in  the  solutions  described 
for  five  days  the  plants  were  harvested,  separated  into  tops,  roots, 
and  residual  seeds,  and  each  part  dried  and  weighed  separately.  The 
respective  solutions  were  likewise  all  tested  for  acidity  and  the  pres- 
ence of  nitrates  and  potash.  Tables  3  and  4  (see  page  12)  show 
the  results  obtained,  and  a  comparison  with  Tables  1  and  2  (pp.  7 
and  9),  respectively,  will  bring  out  some  interesting  changes  in  the 
residual  solution.  After  the  first  cropping  solution  1  was  slightly 
acid,  but  after  harvesting  the  second  crop  it  was  three  times  as  acid. 
Solutions  3  and  13  after  the  first  cropping  were  alkaline,  but  after 
the  second  one  both  solutions  had  become  quite  acid.  Analysis  of 
solution  3  showed  that  while  at  the  beginning  there  were  40.5  parts 
per  million  of  sodium  (Na),  after  gathering  the  second  crop  only 
8  parts  per  million  remained  in  solution.  The  difference  shows  the 
probable  amount  of  sodium  absorbed  by  the  two  crops.  Not  only 
was  the  amount  thus  reduced  from  40.5  to  8  parts  per  million,  but 
the  presence  of  this  small  amount  of  sodium  seemed  to  stimulate  an 
acid  excretion  on  the  part  of  the  plants  to  such  an  extent  that  the 
alkaline  solution  was  not  only  neutralized  but  was  made  even  mcnre 
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acid  than  the  distilled  water  culture.  On  testing  for  chlorin,  after 
the  second  cropping,  it  was  shown  that  only  mere  traces  of  that  ele- 
ment were  found  in  any  of  the  solutions  except  Nos.  5  and  6,  in  which 
potassium  chlorid  was  used.  Even  in  solutions  9  and  10,  to  which  10 
parts  per  million  of  hydrochloric  acid  were  originally  added,  only 
traces  of  chlorin  were  found.  The  amounts  of  chlorin  found  in  solu- 
tions 5  and  6  after  the  second  cropping  were  approximately  5  parts 
per  million  on  an  average,  or  about  one-seventh  as  much  as  was  pres- 
ent after  the  first  crop  was  grown.  In  a  similar  test  for  sulphuric 
acid  in  the  various  solutions  it  was  shown  that  they  all  contained 
appreciable  amounts,  but  that  solutions  7,  8,  and  13,  which  had  been 
treated  with  potassium  sulphate,  contained  about  two  to  three  times  as 
much  sulphuric  acid  as  the  others.  This  acid  was  apparently  either 
not  absorbed  to  the  extent  that  the  chlorin  was  or  else  was  excreted 
by  the  roots  in  a  larger  quantity. 

The  weights  of  the  roots  in  both  crops  and  of  the  stems  in  the 
second  one,  when  grown  with  lime,  were  much  greater  than  when 
grown  without  it.  The  weight  of  the  residual  seed,  on  the  other 
hand,  was  greater  in  the  unlimed  solutions,  thus  indicating  that  in 
an  alkaline  medium  the  process  of  translocation  of  the  seed  constitu- 
ents goes  on  more  readily  and  completely  than  imder  the  influence  of 
an  acid  reaction. 

EXPERIMENTS  USIKiG  ALUMINTTM  AND  FEBBIG  HYDBOXIDS  TO 
BEDTJCE  ACIDITY  OF  SOLUTION. 

A  second  series  of  experiments  was  made,  using  aluminum  hydrate 
instead  of  calcium  carbonate  to  keep  the  solutions  from  becoming 
acid.  This  aluminum  hydrate  was  prepared  from  aluminum  sul- 
phate by  precipitation  with  ammonium  hydrate  and  was  washed  free 
from  impurities.  It  was  not  allowed  to  dry,  but  was  added  as  a  thick 
cream.  Carbon  black  was  kept  in  all  of  the  cultures  as  in  the  calcium 
carbonate  series.  Plate  V  shows  the  effect  of  the  alimiinum  hydrate 
used  instead  of  lime  in  the  solutions  containing  potassium  chlorid, 
hydrochloric  acid,  potassium  sulphate,  and  sulphuric  acid.  The 
results  after  the  plant  had  grown  five  days  indicate  that  many  sub- 
stances, which  are  capable  of  neutralizing  the  acid  of  the  culture 
medium  and  of  keeping  it  alkaline,  may  be  of  benefit  to  the  seedling. 

In  Plate  VI,  figure  «,  is  shown  the  relative  effect  of  the  addition 
of  aluminum  hydrate  to  solutions  containing  150  parts  per  million 
of  sodium  nitrate  and  10  parts  per  million  of  sodium  hydrate. 
There  is  no  ^fference  between  the  two  crops,  and  the  aluminum 
hydrate  failed  to  produce  any  effect  upon  either.  This  indicates 
that,  at  this  stage  of  growth  at  least,  the  reaction  of  the  solution  is 
of  more  importance  than  the  added  plant  foods. 
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Plants  were  withdrawn  from  these  pans  and  arranged  as  in  figure  b 
to  show  the  effect  of  the  potassium  nitrate.  This  salt  gave  an  alka- 
line reaction  to  the  solution  and  produced  excellent  plants.  The 
^'  fishhooks  "  on  the  roots  of  the  potassium  sulphate  plants  are  seen 
in  this  plate  also  (No.  4). 

The  experiment  with  aluminum  hydrate  was  repeated  with  ferric 
hydrate.  This  was  prepared  from  ferric  chlorid  by  precipitation 
with  ammonium  hydrate  and  was  also  washed  free  from  all  im- 
purities in  order  to  insure  freedom  from  chlorin  and  ammoniimi. 
A  blank  culture  solution  prepared  with  the  ferric  hydrate  contained 
less  than  0.5  part  per  million  of  ammonium.  The  5-day-old  plants 
are  shown  in  Plate  VII,  and  when  compared  with  the  preceding 
plates  show  that  the  same  general  characteristics  prevail  whether 
calcium  carbonate,  aluminum  hydrate,  or  ferric  hydrate  is  used  to 
keep  down  the  acidity. 

EXPEBIMENTS  USING  CLOVEB  AND  TIMOTHY  WITH  WHEAT. 

Another  experiment  was  made  with  clover  and  timothy,  using  cal- 
cium carbonate  to  neutralize  the  acidity.  The  small  seeds  were 
sprinkled  ui)on  pieces  of  bolting  cloth  of  a  large  mesh,  placed  on 
the  almninum  disks,  and  grown  with  some  wheat  seedlings.  It  was 
found  impossible  to  obtain  satisfactory  photographs  of  the  timothy 
plants,  but  both  the  timothy  and  the  clover  behaved  in  the  same  way 
as  did  the  wheat  plants,  and  were  even  more  sensitive  to  the  acids. 
A  few  of  the  clover  plants  are  shown  in  Plate  VIII,  figure  b. 

Both  with  the  wheat  and  the  clover  cultures  the  effect  of  potassium 
chlorid  was  not  so  harmful  as  that  of  potassium  sulphate.  In  nearly 
every  case  a  much  better  root  development  was  obtained  in  the 
potassium  chlorid  solutions. 

While  it  is  a  well-known  fact  that  the  presence  of  certain  solids  by 
their  absorptive  action  stimulate  the  growth  of  seedlings  in  water 
culture,  the  objection  to  the  presence  of  a  solid  (calcium  carbonate, 
ferric  hydrate,  or  alimiinum  hydrate)  in  one-half  of  the  cultures 
is  overcome  by  the  fact  that  another  solid,  carbon  black,  existed  in 
all  alike,  and  that  this  solid  has  as  great  an  absorptive  power  as 
either  of  the  others. 

It  is  also  clearly  evident  that  a  salt,  potassium  sulphate  for  ex- 
ample, is  not  taken  into  the  plant  as  such,  that  is,  as  the  molecule 
(K2SO4),  but  rather  as  an  ion  (K).  When  the  potassium  sulphate 
(K2SO4)  is  applied  to  the  soil  as  a  fertilizer  it  goes  into  solution 
and  dissociates — ^that  is,  splits  apart  into  two  radical^  K  and  SO4. 
The  potassium  is  taken  up  as  the  ion,  while  for  the  time  being  the 
SO4  radical  remains  in  solution  and  combines  with  the  water  to  form 
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Fig.  a. — Crop  grown  5  days  in  (1)  distilled  water;  (2)  distilled  water  +  aluminum  hydrate; 
r3)  potassium  chlorid;  (4)  potassium  chlorld  +  aluminum  hydrate;  (5)  hydrochloric  acid; 
(6)  hydrochloric  acid  +  aluminum  hydrate. 


b.— Crop  grown  5  days  In  (1)  distilled  water;  (2)distilled  water  +  aluminum  hydrate; 
)  potassium  sulphate;  (4)  potassium  sulphate  +  aluminum  hydrate;  (3)  sulphuricacid. 
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-ig.  a.— Crop  grown  5  days  In  (1)  distilled  water;  (2)  distilled  water  +  aluminum  hydrate: 
(3)  sodium  nitrate;  (4)  sodium  nitrate  +  aluminum  hydrate;  (5)  sodium  hydrate;  (6) 
sodium  hydrate  +  aluminum  hydrate. 


Fig.  b.— Crop  grown  5  days  In  (1)  distilled  water;  (2)  sodium  nitrate;  (3)  potassium  chlorid; 
(4)  potassium  sulphate:  (5)  potassium  nitrate. 
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Fig.  a.— Crop  grown  5  days  In  (1)  distilled  water;  (2)  distilled  water  +  ferric  hydrate;  (3) 
potassium  cnlorid;  (4)  potassium  chlorid  +  ferric  hydrate;  (5)  hydrochloric  acid;  (6)  hy- 
drochloric acid  +  ferric  hydrate. 


Fig.  b.— Crop  grown  5  days  In  (1)  distilled  water;  (2)  distilled  water  +  ferric  hydrate;  (3) 
potassium  sulphate;  (4)  potassium  sulphate  +  ferric  hydrate;  (5)  sulphuric  acid;  (6)  sul- 
phuric acid  +  ferric  hydrate. 
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Fig.  a.— Comparison  of  entire  pan  of  wheat  plants  grown  In  (1)  distilled  water;  (2)  potassium 
sulphate;  and  (3)  potassium  sulphate  +  calcium  carbonate. 


Fig.  b.— Clover  plants  grown  with  wheat  in  O)  distilled  water;  (2)  distilled  water  +  calcium 
carbonate;  (3)  potassium  sulphate;  (4)  potassium  sulphate  +  calcium  carbonate. 
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sulphuric  acid.*    This  is  a  great  secondary  source  of  soil  acidity  and 
clearly  illustrates  the  faculty  of  selective  absorption  by  the  plant. 

CONCLTJSIONS. 

The  agricultural  significance  of  the  physiological  study  described 
in  this  bulletin  will  be  evident  from  the  following  discussion.  When 
a  soil  is  in  good  tilth  with  an  optimum  moisture  content,  each  grain 
is  surrounded  by  a  film  of  water.  The  plant  root  comes  in  contact 
with  this  film,  and  from  it  draws  the  water  and  the  mineral  salts 
necessary  for  growth.  Expressed  in  physical  terms,  this  film  is  in 
equilibrium  with  the  soil — ^that  is,  if  the  soil  grain  contains  a  sili- 
cate of  potassium,  as  feldspar,  for  example,  the  water  composing  the 
filfn  will  bring  into  the  solution  about  eight  parts  per  million  of 
potash.  If  some  of  this  potash  is  removed  by  the  plant  more  will  go 
into  solution,  and  the  concentration  of  the  film  will  remain  fairly 
constant  as  long  as  any  feldspar  remains  in  the  soil  grain. 

Although  a  difference  of  opinion  exists  as  to  how  the  plant  foods 
are  brought  into  solution,  whether  by  the  action  of  water,  by  carbon 
dioxid,  or  by  acids  which  are  exuded  by  the  root  tips,  all  agree  that 
it  is  absolutely  necespary  for  them  to  be  in  solution  before  they  can 
be  taken  up  by  the  plant.  The  soil  may,  therefore,  be  considered  as 
a  storehouse  of  reserve  material,  while  the  film  of  soil  solution  may 
be  considered  as  a  plain  nutrient  solution  in  which  the  plant  grows. 
Whether  this  soil  solution  is  acid  or  alkaline  is  one  of  the  most 
impoi^ant  factors  in  plant  growth,  as  has  been  noted  in  the  foregoing 
physiological  study. 

The  acidity  or  alkalinity  determines  to  a  great  extent  not  only 
the  particular  kind  of  crop  to  be  grown  upon  the  soil,  but  also  the 
yield  of  the  crop.  No  one  would  think  of  trying  to  grow  alfalfa  in 
a  peat  bog  or  cranberries  in  a  limestone  soil.  On  the  other  hand,  a 
soil  which  is  naturally  alkaline  will,  under  continuous  cropping  with 
a  rotation  containing  clover,  for  example,  give  smaller  and  smaller 
yields  as  the  alkalinity  is  diminished,  until  it  will  be  found  impos- 
sible to  grow  this  legume  on  account  of  the  acidity  of  the  soil.    This 

^In  this  connection  mention  should  be  made  of  the  experiments  of  Micheels  (Action 
des  Ilquidee  anodiques  et  catbodlques  sur  la  germination.  Bull.  Acad.  Roy.  Belg.,  Classe 
des  Sd.,  1910,  5:301),  who  studied  the  effect  on  wheat  seedlings  of  an  electric  current 
produced  by  a  pile  of  24  Daniell  cells,  when  passing  through  various  nutrient  solutions; 
and  who  found  that  the  plants  grown  near  the  anode  developed  roots  whose  length  varied 
from  10  to  25  mm,  while  those  plants  in  the  cathode  solution  possessed  roots  from  140 
to  150  mm  in  length.  Similar  results  were  obtained  in  nutrient  solutions  containing 
sodium  chlorid,  potassium  chlorid,  potassium  nitrate,  sodium  nitrate,  and  mixtures  of 
these.  A  second  crop  being  grown  in  each  of  these  solutions,  even  after  the  electric 
current  was  discontinued,  similar  results  were  obtained  as  with  the  first  crop,  due  to- 
modlflcations  brought  about  in  the  solution.  From  our  investigations,  the  injurious 
effects  noted  at  the  anode,  as  seen  from  the  length  of  the  roots,  could  well  be  attributed 
to  the  formation  of  acid,  while  near  the  cathode,  the  solution  being  alkaline,  the  con- 
ditiona  were  reversed  and  therefore  favorable  for  root  development 
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phenomenon  has  been  often  noted  in  the  lunestone  regions,  particu- 
larly in  the  Shenandoah  Valley  of  Virginia,  where  soils  derived  from 
limestone  rocks,  and  even  now  having  the  undecomposed  limestone 
within  a  few  feet  of  the  surface,  have  become  so  acid  that  clover 
can  no  longer  be  advantageously  grown.  Ground  limestone  applied 
to  the  surface  soil  will  often  restore  its  original  fertility. 

The  heavy  clay  soils  from  which  bricks  are  made  are  always  acid, 
have  a  high  lime  requirement,  and  are  usually  very  unproductive. 
The  oxids  of  iron  exist  in  such  soils  in  a  finely  divided  colloidal  form 
brought  about  by  an  acid  condition,  and  they  are  usually  remedied 
by  an  application  of  lime.  The  poisonous  properties  of  si^bsoils  also 
may  be  due  in  a  large  measure  to  their  acid  character. 

Investigators  working  with  solution  cultures  and  using  single 
salts  might  do  well  to  take  into  consideration  the  reaction  of  the 
solutions  after  the  plants  have  been  placed  in  thein.  The  moment 
seedlings  are  placed  in  a  solution  of  potassium  sulphate  a  rapid 
absorption  of  potash  begins  with  a  consequent  formation  of  sulphuric 
acid.  This  sulphuric  acid  is  a  disturbing  factor  and  other  sub- 
stances placed  in  the  solution  and  kept  under  observation  might 
owe  their  apparent  beneficial  effect  to  the  fact  that  they  simply  act 
as  bases,  but  in  themselves  have  no  direct  influence  upon  the  plant. 
In  field  culture  the  residual  injurious  effect  of  an  application  of 
sulphate  and  chlorid  of  x>otash  can  be  overcome  by  mixing  the 
fertilizer  with  about  twice  its  weight  of  lime. 

In  the  experiments  here  recorded  it  is  shown  that  the  seedlings 
grown  in  culture  solutions  containing  potassiimi  chlorid,  potassium 
sulphate,  or  hydrochloric  or  sulphuric  acid  solutions  (10  parts  per 
million),  exert  a  selective  action  whereby  the  potash  ion  is  absorbed 
by  the  roots,  while  the  chlorid  or  sulphate  ion  is  for  the  most  part 
left  in  solution.  This  causes  the  solution  to  become  acid,  which  in 
turn  acts  injuriously  on  the  root  development 

The  addition  of  lime  or  iron  or  aluminum  hydrate  to  culture 
mediums  ccmtaining  potassiimi  chlorid,  potassium  sulphate,  hydro- 
chloric acid,  or  sulphuric  acid,  keeps  these  solutions  alkaline  so  that 
they  then  act  favorably  on  the  root  development  This  would  tend 
to  explain  why  field  applications  of  sulphate  or  muriate  of  potash  in 
time  render  the  soil  acid,^  and  why  the  continued  use  of  Chile  salt- 
peter produces  an  alkaline  condition  of  the  6oil. 

^At  the  Wobum  Experiment  Station  it  has  been  amply  shown  that  a  continuous  ap- 
plication of  ammonium  sulphate  renders  the  soil  so  acid  as  to  cause  the  crop  to  be  almost 
an  absolute  failure.  Adjacent  plats,  likewise  treated  with  ammonium  sulphate,  but  also 
given  an  application  of  lime,  hare  continued  to  yield  crops  as  large  as  are  produced  by 
still  other  plats  treated  with  sodium  nitrate  only. 
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BUBEAU  OP  ChEMISTBY, 

Washington,  D.  C,  April  4, 1910. 
Sm:  I  have  the  honor  to  submit  for  your  approval  a  series  of  tech- 
nical studies  made  in  the  Division  of  Drugs  of  this  Bureau.  Three 
of  these,  dealing  with  hydrogen  dioxid,  glycerin,  and  beeswax,  are 
investigations  of  the  quality  of  these  commodities  as  found  on  the 
market,  the  others  are  studies  of  methods  of  analysis  presenting  spe- 
cial difficulties,  or  yielding  results  which  require  the  greatest  degree 
of  accuracy  obtainable.  I  recommend  that  these  papers  be  published 
as  Bulletin  No.  150  of  the  Bureau  of  Chemistry. 

Respectfully, 

H.  W.  Wiley, 
Chief  of  Bureau, 
Hon.  James  Wilson, 

Secretary  of  Agriculture. 
2 


Digitized  by 


Google 


CONTKNTS. 

Pace. 
Examination  of  Htdbooen  Diozid  Solutions.    By  L.  F.  Kebler,  L.  E. 

Warren,  and  E.  A.  Ruddiman 5 

Historical  note -5 

Plan  of  the  inveetigation 7 

Investigation  made  in  Washington 8 

Detennination  of  hydrogen  dioxid 8 

PreeervativeB 10 

Analytical  results 11 

Investigation  made  in  Nashville 11 

Comments  by  manufeu^torers 11 

Discussion  of  results 21 

Hydrogen  dioxid 21 

Acetanilid 21 

Acidity *- 22 

Nonvolatile  matter ^ 23 

Thb  PuRirr  OF  Glycerin.    By  L.  F.  Kebler  and  H.  C.  Fuller 24 

Scope  of  investigation 24 

Discussion  of  methods  and  results 25 

Analytical  data 26 

Comments  by  manufacturers 29 

Conclusions 32 

References 33 

Notes  on  Two  Iicpobtant  Alkaloidal  Reachons.    By  H.  C.  Fuller 36 

The  Separation  and  Idbntdioation  of  Small  Quantthes  of  Cocain.    By 

H.C.  Fuller 41 

The  Determination  of  Moltbdic  Trioxid.    By  B.  Herstein 44 

A  Method  for  Testing  Ammonium  Salts.    By  B.  Herstein 47 

Character  of  Samples  of  Beeswax  Submitted  wcth  Bids.    By  L.  F. 

Kebler  and  F.  M.  Boyles 49 

Introduction 49 

Methods  of  anal3rsi8 49 

Tabulated  results  of  examination 51 

3 


Digitized  by 


Google 


Digitized  by 


Google 


TECHNICAL  DRUG  STUDIES. 


EXAMnrATioir  of  ETDSOGEV  DIOZID  SOLUTIOirS. 

By  L.  F.  EsBLBB,  L.  E.  Wabbbn,  and  E.  A.  Rudddcan. 
mSTOBIOAIi  KOTB. 

Hydrogen  peroxid  was  discovered  by  P.  Thenard  in  1818  by  the 
action  of  dilute  acids^  on  barium  peroxid  in  the  presence  of  water. 
It  occurs  in  minute  quantities  in  the  atmosphere  and  is  formed  by  the 
oxidation  of  many  substances  in  the  presence  of  water,  for  example, 
phosphorus,  zinc,  cadmium,  tin,  bismuth,  copper,  turpentine,  and 
certain  essential  oils.  It  is  also  generated  in  appreciable  quantities 
in  the  metabolic  processes  of  chlorophyll-bearing  plants.  Hydrogen 
peroxid  was  considered  a  chemical  curiosity  for  many  years  after  its 
discovery,  but  was  finally  introduced  as  a  medicinal  agent  by  B.  W. 
Richardson  in  1856.  It  was  believed  for  a  long  time  by  some  to  be  a 
specific  in  the  treatment  of  diphtheria,  but  this  is  now  known  to  be  a 
fallacy.  Hydrogen  dioxid  is,  however,  known  to  be  a  most  valuable 
germicide  and  antiseptic  and  is  probably  used  more  generally  by  the 
public  and  the  several  professions  handling  medicinal  agents  than 
any  other  single  germicide.  Numerous  investigations  have  been 
made  to  devise  methods  that  would  yield  a  suitable  product  without 
the  use  of  preservatives,  but  the  results  have  not  been  entirely  satis- 
factory. The  experiments  undertaken  to  find  a  preservative  which 
would  minimise  the  rate  of  deterioration  were  apparently  more 
successful. 

Numerous  reports  have  been  made  on  the  quality  and  stability 
of  the  various  brands  on  the  market.  The  results  obtained  often 
were  not  very  favorable,  to  the  regret  not  only  of  the  manufacturers 
but  the  members  of  the  medical  profession  as  well.  Some  of  the 
early  unfavorable  results  may,  however,  have  been  due  to  the  use  of 
new  and  untried  analytical  methods.  In  1884  Carpenter  and  Nichol- 
son ^  carefully  studied  the  action  occurring  between  hydrogen  per- 
oxid and  potassium  permanganate  in  the  presence  of  sulphuric  acid. 
The  samples  examined  by  these  two  workers  were  represented  as 
containing  from  10  to  20  volumes  of  hydrogen  peroxid.  The  exact 
amounts  of  hydrogen  peroxid  present  in  the  various  samples  examined 


•Analyst,  1884»  •:3a. 
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were  not  calculated,  but  it  is  plainly  evident  from  the  data  obtained 
that  there  was  a  great  difference  between  the  amount  of  hydrogen 
peroxid  claimed  and  the  amount  actually  present. 

Leffmann  and  Beam  ^  in  1892  published  the  results  of  an  examina- 
tion of  original  packages  of  a  number  of  brands  and  their  report 
reflected  credit  on  the  material  then  on  the  market.  The  acidity 
of  50  per  cent  of  the  samples,  however,  was  excessive.  The  number 
of  volumes  varied  from  9.02  to  15.6.  It  appears  that  the  potassium 
permanganate  method  at  the  time  this  investigation  was  made  was 
fairly  well  established,  as  is  indicated  by  the  following  statement  made 
by  Leffmann  and  Beam:  ''The  proportion  of  hydrogen  dioxid  is 
expressed,  as  is  customary,  in  volumes  of  oxygen  determined  by  the 
standard  method  with  potassium  permanganate."  Two  years  later 
Leffmann^  examined  21  original  packages,  in  which  the  amount  of 
available  oxygen  varied  from  1.1  to  11.1  volumes.  After  making  the 
first  determination  of  available  oxygen,  the  packages  were  set  aside 
for  several  weeks  at  a  temperature  of  20°  C,  and  then  reexamined, 
the  results  showing  that  but  little  change  had  taken  place.  In  a 
number  of  cases  the  amount  of  available  oxygen  had  increased, 
which  is  not  an  uncommon  observation,  and  is  due  to  the  fact  that 
the  water  is  more  volatile  than  the  hydrogen  peroxid.  In  1895  • 
Leffmann  reported  on  the  quality  of  hydrogen  peroxid  used  in  filling 
prescriptions  and  as  supplied  to  the  dental  profession.  Prescrip- 
tions calling  for  1  oimce  were  filled  by  druggists  in  various  sections 
of  the  city  and  samples  were  also  obtained  from  several  dental-supply 
offices.  Leffmann  notes  particularly  the  inferior  character  of  the 
goods  supplied  to  the  dental  profession. 

The  most  comprehensive  examination  of  hydrogen  peroxid  made 
hitherto  was  reported  by  Smith  and  Oerte*  in  1892,  including 
60  samples,  representing  all  of  the  available  brands  at  that  time  on 
the  market.  One-ounce  samples  in  glass-stoppered  bottles  were 
purchased  in  New  York  City,  and  in  New  Haven,  Hartford,  and 
Bridgeport,  Conn.  The  first  examination  was  made  within  24  hours 
after  the  sample  was  purchased,  and  the  amount  of  available  oxygen 
found  varied  from  none  to  8.86  volumes.  These  investigators  made 
the  following  observations  on  their  findings: 

Reviewing  the  results,  it  is  seen  that  56  per  cent  of  the  samples  contained  from  2  to 
2.5  grams  of  the  dioxid  in  100  cc,  or  this  percentage  yielded  from  7  to  9  volumes  of 
oxygen.  Solutions  of  this  strength,  therefore,  may  be  taken  as  representing  the  better 
class  of  preparations  with  which  we  have  gained  our  therapeutic  knowledge.  That 
8  per,  cent  of  the  samples  contained  no  hydrogen  dioxid,  and  that  36  per  cent  more 
must  be  regarded  as  deficient,  inasmuch  as  they  contained  less  than  2  per  cent  of 
hydrogen  dioxid,  shows  very  clearly  that  more  care  is  needed  in  dispensing  this  agent. 

a  Medical  News,  1892,  «0: 404.  e  Intern.  Dental  J.,  1S06, 16: 78. 

b  Medical  News,  1S94,  M:  288.  i  New  York  Med.  J.,  180%  M:  147. 
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Tests  were  also  made  for  boric  acid,  an  agent  which  at  one  time 
was  largely  exploited  as  an  ideal  preservative  for  hydrogen  peroxid. 

Dr.  E.  R.  Squibb,^  in  1892,  made  an  examination  of  nine  samples 
of  prominent  brands  then  on  the  market.  All  bore  labels  claiming 
15  volumes  strength.  The  findings,  however,  show  that  the  actual 
amount  of  hydrogen  peroxid  varied  from  one-half  to  two-thirds  of  that 
claimed. 

The  same  year  Dr.  S.  S.  Wallian  ^  published  observations  on  nine 
brands,  determining  the  amoimt  of  available  oxygen  at  intervals. 
For  example,  the  samples  were  examined  when  first  received,  then 
reexamined  three  weeks  later  and  again  at  the  end  of  six  months. 
The  amount  of  deterioration  was  marked  in  several  cases,  although 
in  most  instances  the  loss  in  six  months  was  comparatively  smidl. 
For  example,  one  sample  when  originally  tested  showed  an  oxygen 
volume  of  15,  while  at  the  end  of  six  months  the  amoimt  present  was 
11.5  volumes.  On  the  contraiy,  another  sample  contained  when  first 
analyzed  8.25  volumes  and  at  the  end  of  six  months  only  0.5  volume. 
The  mmiber  of  volumes  stated  to  be  present  in  the  several  packages 
varied  from  10  to  15. 

R.  L.  Lloyd  ^  reported  on  five  samples  of  medicinal  hydrogen 
peroxid,  which  were  all  represented  to  be  chemically  pure  and  of  15 
volimies  strength.  The  examination  showed  that  the  amount  of 
available  oxygen  varied  from  10.5  to  13.5,  and  all  of  them  contained 
the  usual  impurities. 

H.  Endemann  ^  in  1894  examined  14  different  brands  and  f  oimd  the 
amoimt  of  available  oxygen  to  vary  from  0.5  to  16.55  volumes.  One 
sample  was  found  to  contain  27.35  volumes,  but  this  brand  is  repre- 
sented and  sold  as  containing  a  much  higher  volume  of  available 
oxygen,  and  for  this  reason  can  not  properly  be  classed  with  the  usual 
hydrogen  peroxid  sold  to  the  public. 

PLAN  OF  THB  INVESTIGATIOK. 

The  results  obtained  by  the  investigators  quoted  clearly  show  that 
the  quality  and  character  of  the  various  brands  of  hydrogen  peroxid 
were  not  satisfactoiy,  but  during  the  past  10  years  marked  improve- 
ments have  been  made  in  the  manufacture  of  this  commodity.  It  is, 
however,  a  common  experience  that  hydrogen  peroxid  is  prone  to 
decompose,  and  for  this  reason  it  was  deemed  desirable  to  make  a 
full  and  exhaustive  investigation,  with  a  view,  first,  to  determine  the 
keeping  qualities  of  the  various  brands  of  hydrogen  peroxid  available 
on  the  market;  second,  to  ascertain  the  nature  of  the  preservatives 
used,  if  any;  third,  to  establish  an  age  or  time  limit;  and  fourth,  if 

aN.  Y.  Med.  J.,  1892,  M:  148.  e  Amer.  J.  Phann.,  18»3,  (4)  66:  276. 

»N.  Y.  Med.  J.,  1892,  M:  fi09.  'Times and  Register,  1894,  S8:  373. 


Digitized  by 


Google 


8  TECHNICAL  DRUG  STUDIES. 

possible,  to  approximate  the  maximum  per  cent  of  variation  below 
the  standard  prescribed  by  the  Pharmacopoeia. 

In  order  to  secure  fresh  material,  the  samples  were  purchased 
through  certain  wholesalers,  and  the  results  obtained  by  the  first 
analyses  show  that  they  were  satisfactoiy  in  this  respect.  In  order  to 
eliminate  certain  personal  and  climatic  factors,  it  was  considered 
advisable  to  have  examinations  made  by  two  observers  in  separate 
localities,  and  Washington,  D.  C,  and  Nashville,  Tenn.,  were  selected. 
One  himdred  and  fifteen  different  samples,  representing  36  brands, 
were  examined,  the  samples  including  all  of  th^  leading  makes  at 
present  available  in  the  United  States.  As  soon  as  received  they  were 
placed  in  a  cool,  partially  darkened  room,  simulating  as  nearly  as 
possible  the  conditions  usually  f  oimd  in  drug  stores  and  other  storage 
places.  The  temperature  in  the  Washington  storeroom  varied  from 
30^  C.  in  the  summer  to  0^  C.  in  the  winter.  The  samples  in  the  Nash- 
ville laboratoiy  were  kept  under  similar  conditions,  except  that  the 
variation  in  temperature  was  less  maiked,  ranging  from  15^  C.  in 
winter  to  27*^  C.  in  summer. 

A  list  of  the  brands  examined  will  be  found  in  the  table  embodying 
the  analytical  results  (p.  12).  Some  of  the  packages  bore  a  guaranty 
serial  number  in  accordance  with  section  9  of  the  food  and  drugs  act 
and  regulation  9  for  its  enforcement. 

As  before  stated,  hydrogen  peroxid  was  once  considered  a  remedy 
for  diphtheria,  but  it  is  now  known  to  be  virtually  worthless  for  this 
purpose,  yet  direct  and  indirect  statements  are  made  to  the  effect  that 
hydrogen  peroxid  is  a  preventative  and  cure  for  this  disease.  It  is 
also  represented  that  the  acetanilid  is  added  because  of  its  antiseptic 
properties.    This  statement  certainly  needs  confirmation. 

INVESTIGATIOK  MADE  IN  WASHZNOTOK. 

DETEBMINATION  OF  HTDBOOEN  DIOXID. 

The  work  was  begun  in  December,  1907,  some  of  the  initial  exami- 
nations having  been  made  early  in  January  of  1908.  Unless  other- 
wise stated,  the  methods  prescribed  by  the  United  States  Pharma^ 
copoeia,  eighth  revision,  for  testing  the  quaUty  and  purity  of  hydrogen 
dioxid  solutions  were  employed.  In  view  of  the  fact  that  the  value 
of  a  hydrogen  dioxid  solution  is  largely  judged  by  the  actual  amount 
of  hydrogen  dioxid  present,  the  various  products  were  analyzed  with 
particular  reference  to  this  point  as  rapidly  as  possible  after  receiving 
same.  The  pharmacopoeial  method  was  used,  excepting  that  the 
measured  samples  were  weighed  and  the  percentage  computed  on 
this  basis.  The  results  obtained  will  be  found  in  column  headed  '^U. 
S.  P.  Method."  The  results  clearly  show  that  a  large  percentage  of 
the  samples  examined  by  this  method  contain  about  3  per  cent  of 
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hydrogen  dioxid.  In  order  to  check  the  permanganate-sulphuric 
acid  method  for  determining  hydrogen  peroxid  and  compare  it  with 
other  standard  methods,  it  was  decided  to  analyze  the  samples  by 
three  additional  methods,  namely,  the  iodin  method  and  the  gasomet- 
ric  methods,  using  sulphuric  acid  and  potassium  permanganate  in  one 
case  and  manganese  dioxid  and  sulphuric  acid  in  the  other.  In  each 
case  the  hydrogen  dioxid  solution  was  measured  out  and  weighed  as 
before  stated  and  aliquots  used  for  the  determinations.  The  iodin 
method  proposed  by  Rupp  *  was  carried  out  as  follows:    • 

Iodin  method, — ^Place  1  gram  of  potafisium  iodid  in  a  250  cc  Erlenmeyer  flask,  add 
10  cc  of  10  per  cent  Bulphuric  add,  and  as  soon  as  the  salt  is  dissolved  run  in  10  cc  of 
the  diluted  peroxid  solution,  1:10,  by  means  of  a  burette.  Cover  the  flask  with  a 
watch  glass  and  allow  it  to  stand  for  30  minutes.  Then  add  about  200  cc  of  distilled 
water  and  titrate  the  liberated  iodin  with  tenth-normal  sodium  thiosulphate  solution, 
using  starch  solution  as  indicator. 

This  procediu'e  proved  somewhat  less  satisfactory  than  the  phar- 
macopoeial  method,  being  less  rapid  and  giving  less  concordant  re- 
sults. Each  assay  was  made  in  duplicate  and  the  mean  result  is 
given  in  the  accompanying  table  in  the  column  headed  ''Iodin 
method." 

This  determination  was  next  made  by  measuring  the  volmnes  of 
oxygen  liberated  by  means  of  manganese  dioxid  and  potassium  per- 
manganate, respectively,  in  the  presence  of  sulphuric  acid.  It  was 
found  that  Lunge's  nitrometer,  with  a  two-way  stopcock  did  not 
give  satisfactory  results  when  the  reaction  took  place  inside  of  the 
instrmnent.  After  making  a  number  of  experiments,  the  following 
apparatus  and  procedure  were  adopted: 

Mcmganue  dioxid  method. — ^The  apparatus  consists  of  a  50  cc  side-arm  distilling 
flask  closed  with  a  perforated  rubber  stopper,  through  whidi  the  delivery  stem  of  a 
glass-stoppered  burette  has  previously  been  passed.  The  side  arm  of  the  flask  is 
connected  to  the  nitrometer  by  means  of  tightly  fitting  rubber  tubing  of  any  con- 
venient length  and  securely  wired  at  each  end  to  prevent  leakage.  The  burette  is 
fastened  loosely  in  a  Bunsen  damp  in  such  a  manner  that  the  burette  and  flask  can 
be  shaken  freely  in  one  plane.  The  nitrometer  is  filled  with  water,  the  level  adjusted, 
and  the  determination  made  as  follows:  Place  about  1  gram  of  finely  powdered  man- 
ganese dioxid  in  the  side-arm  flask  and  add  10  cc  of  10  per  cent  sulphuric  add .  Dilute 
10  cc  of  the  hydrogen  peroxid  solution  to  be  tested  to  100  cc  and  place  a  portion  in  the 
burette.  After  suffident  of  the  solution  is  nm  out  to  fill  the  delivery  stem  of  the 
burette  fit  the  stopper  (with  attached  burette)  snugly  into  the  neck  of  the  generating 
flask,  and  adjust  the  level  of  the  water  in  the  nitrometer  so  as  to  equahze  the  pressure 
within  the  system.  Allow  10  cc  of  the  diluted  dioxid  solution  to  nm  slowly  into  the 
generator  through  the  burette.  After  shaking  the  flask  to  liberate  the  dissolved 
oxygen  as  completely  as  possible  again  adjust  the  level  and  note  the  temperature 
and  pressure.  A  correction  of  10  cc  (the  volume  of  solution  run  into  the  generator) 
is  subtracted  from  the  reading,  and  the  remainder  reduced  to  760  mm  pressure  and 
20®  C.  temperature. 


a  Anshiv.  Phann.,  1900, 888:  1£6. 
21450®— Bull.  150—12 2 
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The  results  obtained  by  this  procedure  will  be  found  in  the  column 
headed  ''Gasometric  andysis,  volume  of  oxygen  evolved  by  MnO,/' 
The  potassium  permanganate  method  was  carried  out  in  the  manner 
just  described,  except  that  the  dilute  sulphuric  acid  and  dilute  dioxid 
solutions  were  placed  in  a  generating  flask  and  sufiicient  half-normal 
potassium  permanganate  solution  was  added  from  a  burette  to  give 
a  pink  color  to  the  solution.  The  figures  obtained  by  this  procedure 
will  be  found  in  column  marked  ''Gasometric  analysis,  volume  of 
oxygen  evolved  by  K2Mn04,"  and  were  made  between  January  14 
and  February  12,  1908.  The  results  obtained  by  the  two  gaso- 
metric  methods  are  fairly  concordant,  but  in  general  are  less  reliable 
than  those  given  by  the  iodin  and  official  methods,  being  too  depend- 
ent on  slight  variations  in  temperature,  pressure,  leakage,  and  other 
factors. 

In  order  to  determine  the  rate  of  decomposition,  the  samples  were 
reexamined  for  percentage  of  hydrogen  dioxid  by  the  pharmaco- 
poeial  method  at  the  expiration  of  3,  6,  10,  and  12  months  after  the 
initial  analysis.  These  results  are  also  recorded  in  the  accompany- 
ing table.  After  determining  the  percentage  of  hydrogen  dioxid 
in  the  various  brands  by  the  methods  outlined,  they  were  examined 
for  preservatives,  acidity,  nonvolatile  matter,  fluorids,  arsenic, 
barium,  etc. 

PRESERVATIVES. 

The  principal  labels  on  the  packages,  as  well  as  the  analytical 
results  obtained,  show  that  a  large  proportion  of  the  hydrogen 
dioxid  solutions  contained  small  quantities  of  acetanilid.  The 
acetanilid  was  determined  by  shaking  a  50  cc  sample  of  hydrogen 
peroxid  twice  with  ether  and  once  with  chloroform,  combining  the 
several  extracts  in  a  tared  beaker  and  drying  at  75°  C. 

Experiments  made  with  samples  of  hydrogen  peroxid  containing 
known  quantities  of  acetanilid  showed  that  this  method  removed 
about  95  per  cent  of  the  amount  present.  The  acetanilid  was  iden- 
tified by  its  physical  and  chemical  properties,  the  iodin-phenol  reac- 
tion proving  to  be  the  most  satisfactory.  Tests  were  also  made  for 
boric  acid  and  borax  with  negative  results. 

A  number  of  samples  found  to  be  free  from  acetanilid  possessed 
a  noticeable  odor  of  aldehyde  after  being  kept  for  some  time.  It 
was  suspected  that  alcohol  had  been  used  as  a  preservative,  but  dis- 
tillation from  both  acid  and  alkaline  media  failed  to  give  a  distillate 
in  which  alcohol  could  be  detected  by  the  iodoform  test.  By  apply- 
ing the  method  directly  to  the  sample,  however,  good  results  were 
obtained.  The  distillate  from  these  gave  the  general  reactions  for 
aldehyde  with  fuchsin  and  sulphurous  acid  and  with  Tollen's  reagent. 
The  presence  of  fluorids  was  indicated  in  several  products,  but  the 
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results  were  not  conclusiye.    Caffein  was  found  in  several  packages 
of  one  brand. 

ANALYTICAL  RESULTS. 

The  analytical  results  obtained  in  this  investigation  are  given  in 
the  table  on  pages  12  and  13,  together  with  a  statement  of  the  loss  in 
hydrogen  dioxid  in  six  months  and  in  one  year  on  each  sample. 

INVESTiaATION  MADE  IN  NASHVILLB. 

All  of  the  samples  were  examined  as  to  piuity,  quality,  and 
strength,  by  the  pharmacopceial  methods.  The  investigation  cov- 
ered two  series,  one  begim  in  October,  1907,  and  the  other  in  Decem- 
ber of  the  same  year.  The  acetanihd  was  extracted  by  means  of 
chloroform,  it  having  been  shown  that  less  than  one-fiftieth  of  a 
grain  could  be  detected  by  the  phenol-isocyanid  reaction.  The 
several  samples  were  reexamined  at  the  intervals  of  time  indicated 
in  the  table  on  page  14. 

COMMENTS  BY  MANX7VACTT7BBBS. 

The  results  of  the  analyses  of  the  several  brands  >vere  referred  to 
the  respective  manufacturers,  with  the  following  results:  No  replies 
were  received  from  the  Clarion  Chemical  Co.,  Elmer  &  Amend, 
Larkin  &  Scheffer,  Lehn  &  Fink,  Matz  &  Cohen,  and  Squibb  &  Sons. 
The  following  firms  acknowledged  receipt  of  results  but  offered  no 
criticisms,  and  their  replies  are  therefore  not  further  considered: 
American  Druggists'  Syndicate,  Otis  Clapp  &  Son,  Harvey  Co., 
Mulford  &  Co.,  Norwich  Pharmacal  Co.,  H.  K.  Wampole,  William  R. 
Warner,  Tilden  Co.,  William  S.  Merrell,  Meyer  Bros.,  Towns  & 
James,  and  Powers,  Weightman,  Eosengarten  Co. 

The  comments  of  the  manufacturers  who  responded  are  as  follows: 

Albany  Chemical  Co. 

We  venture  to  say  that  our  samples  make  a  very  good  showing,  in  view  of  the  fact 
that  hydrogen  peroxid  loses  strength  rapidly  during  the  first  few  months  after  it  has 
been  prepared.   What  is  your  experience  in  this  direction? 

Acidity  .  .  .  The  qj^uitity  present,  found  by  you,  apparently  coincides  with  the 
findings  of  our  laboratory  for  several  years  back,  that  is  to  say,  our  HjO,  shows  about 
50  per  cent  better  than  Uie  U.  S.  P.  idlows.   The  same  is  the  case  with  the  solids. 

Comment  by  authors. — ^It  is  to  be  noted  that  the  results  show  that 
the  acidity  is  excessive. 

Bbuen,  RrroHBY  &  Co. 

Your  letter  of  the  16th  to  hand  and  in  reply  would  say  the  hydrogen  peroxid  we 
supply  conforms  to  the  U.  S.  P.,  and  the  test  as  outlined  by  you  bears  this  out  with 
the  exception  of  the  test  for  solids,  as  the  U.  S.  P.  allows  only  0.030,  whereas  you  make 
it  much  over. 
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We  can  account  for  this  by  your  not  using  a  desiccator,  for  if  it  is  dried  any  other  way 
it  will  take  moisture  from  the  air,  thereby  greatly  increasing  the  residue. 

We  have  never  put  out  any  peroxid  which  runs  higher  in  residue  than  the  U.  S.  P. 
allows. 

Comment  hy  authors. — ^All  moisture  determinations  were  made  by 
cooling  the  dried  material  in  a  desiccator. 

The  Drevet  Manufacturino  Co. 

*  *  *  We  note  the  analyses  of  our  various  preparations  made  by  your  depart- 
ment, and  are  absolutely  at  a  loss  to  understand  the  results  obtained,  unless  perhaps 
the  samples  used  were  very  old. 

As  you  probably  know,  we  were  about  the  first  to  manu&u:ture  the  medicinal 
peroxid  of  hydrogen,  and  we  have  jealously  guarded  the  high  standard  of  our  prepara- 
tions for  more  than  30  years  and  beg  of  you  the  privilege  of  submitting  for  your  careful 
examination  samples  of  our  preparations  taken  from  our  present  stock  on  hand,  and 
at  the  same  time  we  would  kindly  ask  you  to  allow  us  to  offer  certificates  of  anal}rBe8 
made  by  well-known  and  prominent  chemists  of  this  city  for  your  consideration. 

We  would  be  pleased  to  have  your  representative  call  and  collect  personally  these 
samples  from  our  stock  if  you  w|sh,  or  we  would  be  glad  to  forward  such  samples  to 
you. 

Trusting  you  will  grant  our  request,  and  assuring  you  of  our  earnest  desire  and  efforts 
to  place  our  goods  on  the  market  in  full  conformity  with  or  even  superior  to  the 
TJ.  S.  P.  standard,  we  beg  to  remain. 

Hancb  Brothers  &  Whttb. 

We  received  yours  of  the  16th  ultimo  on  the  28th.  At  the  same  date  we  inclosed 
it  to  Mr.  John  Bene,  Brooklyn,  N.  Y.,  from  whom  we  procure  our  supply  of  peroxid 
hydrogen.  We  have  examined  the  articles  several  times  and  found  it  to  comply  so 
closely  with  the  U.  S.  P.  requirements,  and  in  view  of  its  perishable  nature  and  its 
use  almost  entirely  for  external  purposes,  have  issued  it  as  being  equal  to  other  makes. 

We  are  herewith  inclosing  Mr.  Bene's  reply,  which  rather  confirms  our  estimate  of 
his  article  and  shows  his  i^th  in  the  declaration  on  his  invoice  of  its  conforming  to  the 
requirements  of  the  Federal  food  and  drugs  act. 

The  letter  of  Mr.  John  Bene  referred  to  reads  as  follows: 

Your  letter  of  the  28th  instant  to  hand  with  inclosures,  and  in  reply  the  hydrogen 
peroxid  I  supply  you  conforms  strictly  to  the  U.  S.  P.,  and  the  test  as  outlined  by 
Dr.  Wiley  b^us  this  out  with  the  exception  of  the  test  for  solids,  as  the  U.  S.  P.  allows 
only  0.030,  whereas  he  makes  it  much  over.  I  can  account  for  this  by  his  not  having 
used  a  desiccator,  for  if  it  is  dried  any  other  way  it  will  take  moisture  from  the  air, 
thereby  greatly  increasing  the  residue.  I  have  never  put  out  any  peroxid  which  runs 
higher  in  residue  than  the  U.  S.  P.  allows. 

Htdrox  Chemical  Co. 

We  hasten  to  acknowledge  receipt  of  your  analyses  of  Hydrox  peroxid  of  hydrogen, 
Hamlin's  peroxid  of  hydrogen,  and  American  peroxid  of  hydrogen,  all  of  which  prod- 
ucts are  manufactured  by  the  chemists  of  the  Hydrox  Chemical  Co. 

We  believe  it  is  pretty  well  demonstrated  that  acetanilid,  -ff  grain  to  the  fluid 
ounce,  acts  as  a  preservative  to  this  preparation  (as  is  demonstrated  by  your  analyses) 
so  that  the  last  drop  in  any  container  is  full  U.  S.  P.  strength,  making  the  preparation 
thoroughly  dependable  in  the  hands  of  the  practitioner  at  all  times. 

We  beg  to  state  that  in  our  investigations  we  have  found  that  the  breaking  up  or 
decomposition  of  acetanilid  causes  a  slight  increase  in  acidity  of  the  product,  this 
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change  taking  place  probably  three  to  six  months  after  its  manufacture,  but  not  a 
sufficient  increase  to  render  the  product  harmful. 

We  have  also  observed  that  peroxid  of  hydrogen  when  not  properly  stored  in  an 
upright  position  decomposes,  either  with  or  without  acetanilid,  by  contact  with  corks; 
foreign  matter  being  taken  up  by  the  preparation. 

We  are  pioneers  in  the  manufacture  of  permanent  peroxid  and  wish  to  make  our 
product  conform  as  closely  as  possible  to  governmental  requirements;  at  the  same  time 
believe  our  present  standard  is,  so  high  as  to  permit  of  little  change  in  formula. 

Mallinckrodt  Chemical  Works. 

Replying  to  yours  of  the  16th  instant,  I  assume  that  the  copy  of  analyses  of  our 
hydrogen  peroxid  refers  to  samples  taken  from  a  lot  supplied  by  us  in  accordance 
with  the  requirements  of  your  department — ^thatit  contain  no  acetanilid  or  other 
preservative.  It  is  well  known  that  hydrogen  peroxid  solution  will  not  keep  without 
the  addition  of  some  preservative,  and  we  are  not  surprised  that  the  samples  should 
have  lost  so  laigely  in  the  percentage  of  strength  after  being  kept  for  a  period  of  one 
year. 

You  are  doubtless  also  aware  that  the  acidity  test  of  the  United  States  Pharma- 
copoeia is  imreliable  and  shows  larger  amoimts  of  acid  when  none  is  present,  the 
amount  being  dependent  on  the  manner  of  manipulation. 

If  you  will  examine  our  hydrogen  peroxid  as  we  supply  it  to  the  trade,  with  acetani- 
lid as  a  preservative,  I  think  you  will  find  that  if  kept  with  ordinary  precaution  it  will 
lose  very  little,  if  any,  strength  during  the  period  of  a  year. 

Comment  hy  anUhors. — ^The  samples  examined  in  Washington  did 
not  contain  any  acetanilid,  but  the  presence  of  caffein  was  estab- 
lished. The  samples,  furthermore,  were  not  taken  from  the  lot 
supplied,  at  the  request  of  the  department,  free  from  acetanilid. 
The  sample  examined  in  Nashville  was  purchased  through  a  local 
wholesaler.  The  point,  therefore,  raised  relative  to  the  absence  of 
acetanilid  as  a  preserving  agent  is  not  substantiated. 

Charles  Marchand. 

•  •  *  I  have  sold  my  interests  in  the  Drevet  Manufacturing  Co.  the  beginning  of 
January,  1909,  and  I  have  not  manufactured  "Marchand's  Peroxide  of  Hydrogen," 
"U.  S.  P.  Peroxide  of  Hydrogen,"  "Hydrozone,"  or  "Glycozone"  since  that  time. 

Under  these  circumstances,  I  have  nothing  whatever  to  do  with  the  goods  manu- 
factured and  sold  by  the  Drevet  Manu&cturing  Co.,  although  they  are  still  labeled 
"F^paied  only  by  Charles  Marchand." 

MoEbSSON  &  ROBBINS. 

«  *  *  We  do  not  see  that  there  is  any  comment  for  us  to  make  upon  your  results, 
as  the  results  speak  for  themselves.  We  might,  however,  add  that  we  have  recently 
adopted  a  time-limit  label  similar  to  the  inclosed  sample,  which  appears  on  all  pack- 
ages of  peroxid  sent  out  by  us.  While  your  results  show  that  our  peroxid  will  keep 
almost  unchanged  for  a  year,  we  place  the  time  limit  at  six  months,  owing  to  the 
uncertainty  surroimding  the  keeping  properties  of  this  preparation  under  the  varying 
conditions  met  with  in  different  parts  of  the  country. 

In  our  opinion  six  months  would  be  a  reasonable  time  limit  for  all  manufacturers 
to  adopt  both  for  the  protection  of  the  public  as  well  as  for  the  reputation  of  the  manu- 
&cturer  and  retailer.    *    •    • 

Comment  by  cmthors. — ^The  time  limit  adopted  by  this  firm  is  in 
accordance  with  the  findings  of  this  investigation. 


Digitized  by 


Google 


EXAMINATION  OP  HYDEOGEN  DIOXDO  SOLUTIONS.  17 

Merck  &  Co. 

•  *  *  We  have  looked  over  your  tabulated  results  with  interest.  From  the 
tabulation  which  you  offered  it  appears  that  in  the  acidity  test  the  method  of  the 
United  States  Pharmacopoeia  has  been  employed.  But  do  you  not  think  this  method 
rather  unreliable?  This  question  was  raised  about  three  years  ago  by  numerous 
investigators. 

Repl3ring  to  your  fovor  of  the  13th,  asking  us  to  advise  you  as  to  what  we  consider 
a  reliable  test  for  determining  the  amount  of  free  acid  in  pharmacopoeial  hydrogen 
peroxid,  we  would  say  that  we  obtain  the  most  accurate  results  by  the  use  of  methyl 
orange  indicator  instead  of  the  phenolphthalein  indicator  prescribed  by  the  United 
States  Phaimacopceia. 

Uniform  and  accurate  results  may  also  be  obtained  by  simply  titrating  the  original 
solution  of  dioxid  with  decinormal  potassiimi  hydroxid,  using  methyl  orange  and 
omitting  all  evaporation  and  heat. 

CommerU  by  wuAhoT8. — ^The  observations  noted  are  in  accordance 
with  our  findings. 

Oakland  Chemical  Co. 

Replying  to  your  letter  of  December  16,  received  yesterday,  we  beg  to  thank  you  for 
it.  The  plan  that  you  are  using  of  notifying  manufacturers  of  the  resiilts  of  your 
investigations  and  the  opportunity  you  are  offering  for  comment  on  the  report  is  very 
fair  and  commendable. 

May  we  ask  you  to  kindly  give  us  the  numbers  which  are  stamped  with  a  rubber 
stamp  on  the  labels  of  the  bottles  which  you  have  been  using  as  samples?  We  ask 
this  information  so  that  we  can  check  up  your  results  with  our  records.  We  take  it 
that  this  will  not  be  imsatisfactory  to  you,  and  it  will  certainly  be  a  matter  d  satis- 
faction to  us  to  make  the  comparison.    *    *    * 

We  beg  to  acknowledge  receipt  of  your  favor  of  the  5th  instant.  None  of  our  records 
show  anything  that  would  compare  with  your  report  on  this  sample.  The  uniformity 
of  the  other  four  and  the  relative  closeness  of  your  statement  with  our  results  justify 
the  assumption  that  the  report  on  sample  No.  5  can  not  be  accepted  as  indicating 
either  an  exceptional  case  or  a  fair  average  of  quality  of  our  product;  the  not  unrea- 
sonable possibility  of  something  unusual  having  happened  to  this  sample  either 
before  or  after  it  reached  your  hands,  the  further  possibility  that  it  may  not  actually 
be  our  product,  though  apparenUy  an  original  botUe  bearing  our  label,  are  sufficienUy 
important  to  warrant  our  request  that  this  sample  be  either  eliminated  or  a  full  oppor- 
tunity be  given  us  to  make  a  rigid  investigation  that  would  allow  us  to  trace  its  history 
completely.    *    *    * 

Your  favor  of  March  1  was  duly  received.  The  statement  that  the  label  on  the 
package  of  dioxogen,  on  which  there  is  some  question,  contains  the  number  91,  and 
which  statement  had  previously  been  made  in  a  department  letter  of  January  13,  has 
been  carefully  reviewed,  and  we  beg  to  make  you  the  following  report. 

The  number  referred  to,  which  is  placed  on  these  botties,  is  the  key  by  which  we 
can  identify  each  lot  of  our  product,  its  date  of  manufacture,  and  all  the  records  which 
refer  to  it.  These  numbers  run  in  series.  The  present  series  of  numbers  began  in 
March,  1907,  and  No.  91  of  this  series  was  reached  December  15, 1908.    If  the  bottie 

bearing  the  mark  received  by  your  department  from Co.  was  obtained  in 

October,  1907,  it  could  not  have  bebnged  to  this  series  started  in  March,  1907,  and 
must  have  belonged  to  a  previous  series. 

The  previous  series  began  in  November,  1904,  and  No.  91  of  this  series  was  reached 

August  13, 1906.    In  August,  1906, Co.  received  a  shipment  of  goods  bearing 

this  number.  Consequentiy  this  bottie,  which  your  department  has  reported  on,  had 
21450*'— Bull.  150—12 3 
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been  in Co.'s  poeseedon  one  year  and  two  months  before  you  received  it 

During  the  fall  of  1906  and  spring  of  1907  we  removed  our  manufacturing  plant  from 
Brooklyn,  N.  Y.,  to  Richmond  County,  N.  Y.,  and  when  our  manufacturing  operations 
began  at  the  new  plant  we  started  a  new  series.  It  "was  during  the  confusion  of  this 
period  that  this  lot,  from  which  the  bottle  your  department  has  examined  came,  was 
made. 

Under  these  circimistances,  we  respectfully  request  you  to  eliminate  this  test  from 
your  published  report.  If  it  is  the  purpose  of  this  report  to  supply  information  as  to 
the  quality  and  character  of  goods  of  the  different  manufacturers,  then  we  respectfully 
point  out  that  a  bottle  of  a  product  of  the  character  of  peroxid  of  hydrogen,  which  is 
over  a  year  old  before  the  test  is  made,  is  not  fairly  illustrative  of  average  conditions 
or  quality.  If  other  tests  which  you  have  made  from  time  to  time  indicate  that  such 
a  variation  as  this  particular  sample  shows  might  be  reasonably  expected,  we  with- 
draw the  request. 

If  in  your  judgment  it  is  reasonable  to  expect  that  goods  would  be  more  than  one 
year  old  before  they  reach  the  consumer's  hands,  as  was  this  sample,  then  we  withdraw 
the  request. 

If  you  in  your  experience  with  our  product  have  found  anything  that  would  indi- 
cate that  the  result  of  this  sample  conveys  a  true  estimate  of  the  actual  quality  of 
dioxogen,  we  withdraw  the  request. 

Comment  hy  authors. — Considerable  care  was  exercised  to  secure 
fresh  samples.  There  was  nothing  on  the  package  in  this  case  to 
indicate  possible  deterioration  from  age.  With  justice  to  all,  no  one 
sample  could  be  eliminated,  but  the  explanation  ofifered  by  the 
manufacturer  is  given  in  full. 

Parks  Davis  &  Co. 

*  *  *  On  the  whole  we  feel  very  much  pleased  to  note  a  statement  from  the 
Bureau  of  Chemistry  which  so  nearly  confirms  our  claim  that  we  are  marketing  a 
high-grade  hydrogen  peroxid  and  one  which  is  remarkably  stable,  considering  the 
nature  of  the  substance. 

The  amount  of  acetanilid  reported  is  in  each  instance  somewhat  less  than  the 
quantity  originally  added  to  the  solution  of  peroxid  at  the  time  of  manufacture.  Our 
formula  calls  for  the  addition  of  three-sixteenths  grain  of  acetanilid  per  liquid  ounce 
of  the  peroxid  solution,  this  being  equivalent  to  0.41  gram  per  100  cc.  In  each  case 
the  amount  reported  by  you  is  less  than  this.  It  is  entirely  possible  that  in  some 
cases  a  portion  of  the  acetanilid  has  been  destroyed  by  the  action  of  the  hydrogen 
peroxid,  particularly  in  the  old  samples. 

In  examining  the  proportion  of  acid  reported  for  the  five  different  samples  we  note 
that  this  is  in  every  instance  high.  We  presiune  that  the  figures  given  are  the  direct 
statement  of  the  acid  in  terms  of  cubic  centimeters  tenth-normal  acid  in  25  cc  of  the 
hydrogen  peroxid,  and  are  consequently  not  an  indirect  statement  of  the  number  of 
cubic  centimeters  of  tenth-normal  acid  required  to  titrate  back,  as  directed  in  the 
Pharmacopoeia.  If  our  first  supposition  is  correct,  we  beg  to  say  that  the  amoimt  of 
acid  reported  by  you  is  in  every  instance  undoubtedly  excessive  in  that  you  have 
estimated  not  only  the  amount  of  free  acid  present,  but  have  also  estimated  as  well 
the  acid  produced  from  the  acetanilid  which  has  decomposed  by  heating  with  alkali 
in  carrying  out  the  test  as  stipulated  in  the  Pharmacopceia. 

We  have  had  occasion  to  refer  in  one  or  two  previous  instances  to  this  error  in  esti- 
mating acid  by  the  official  method  in  hydrogen  peroxid  preserved  by  the  usrf  of  ace- 
tanilid.   Theoretically  the  acid  in  three-sixteenths  grain  of  acetanilid  will  neu- 
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taralize  or  is  equivalent  to  0.75  cc  of  tenth-normal  potassium  hydroxid.  In  actual 
practice,  however,  we  find  by  making  numerous  tests  upon  a  given  specimen  of 
hydrogen  peroxid,  to  a  portion  of  which  we  add  three-sixteenths  grain  acetanilid  per 
ounce  and  to  the  second  portion  of  which  no  acetanilid  is  added,  that  this  three- 
sixteenths  grain  of  preservative  will  increase  the  seeming  content  by  about  1.3  cc  of 
tenth-normal  acid.  We  can  not  altogether  account  for  this  increase  above  theory, 
but  presume  that  it  is  due  to  some  acid  body  produced  by  the  decomposition  of  the 
acetanilid,  produced  by  the  action  of  the  hydrogen  peroxid  on  the  acetanilid  in  the 
presence  of  the  alkali  in  carrying  out  the  evaporation. 

Turning  now  to  the  &ye  samples  reported,  if  we  make  a  correction  in  each  instance 
for  the  amount  of  acetanilid  reported  by  you,  the  equivalents  would  be  as  follows: 

CO  N/IO  KOH. 

Sample  No.  1 0.6 

No.  2 0.7 

No.  3 0.5 

No.  4 0.45 

No.  5 

Subtracting  the  above  quantities  of  tenth-normal  acid  from  the  quantities  you 
report,  the  free  acid  would  appear  as  follows: 

00. 

Sample  No.  1 2.65 

No.  2 3.35 

No.  3 2.7 

No.  4 2.55 

No.  5 

Making  the  theoretical  correction,  each  of  these  samples  would  fall  below  the  require- 
ments of  the  U.  S.  P.  for  the  content  of  free  acid  with  the  exception  of  No.  3. 

We  do  not  regard  this  matter  of  slight  excess  of  free  acid  as  being  of  very  great 
consequence,  but  think  it  best  to  call  your  attention  to  this  error,  inasmuch  as  we 
presume  you  will  go  into  this  matter  of  hydrogen  peroxid  very  thoroughly,  and  the 
evidence  which  we  offer  is  the  result  of  a  very  great  deal  of  experience.  There  is 
really  no  reason  for  resorting  to  the  indirect  mediod  as  outlined  in  the  Pharmacopoeia. 
Equally  good  results  and  (in  the  case  of  hydrogen  peroxid  containing  acetanilid) 
more  correct  results  are  obtained  by  direct  titration.  It  is  only  necessary  to  add  to 
25  cc  of  the  hydrogen  peroxid  about  5  or  6  minims  of  phenolphthalein  test  solution 
(U.  S.  P.)  and  titrate  directly  with  tenth-normal  alkali  to  the  development  of  a  light- 
pink  color.  Under  the  conditions  this  method  is  accurate  to  0.1  to  0.2  cc.  For  practical 
purposes  the  test  in  the  Pharmacopoeia  should  be  stated  as  follows: 

If  to  25  cc  of  the  solution  of  hydrogen  peroxid  6  or  6  minims  of  phenolphthalein 
test  solution  are  added,  not  more  than  2.5  cc  tenth-normal  KOH  should  be  required 
to  produce  a  pink  color  (limit  of  free  acid). 

Comment  by  authors. — It  is  probably  true  that  the  presence  of 
acetanilid  will  increase  the  acidity  of  hydrogen  peroxid,  particularly 
when  determined  according  to  the  prescribed  method,  but  the 
manufacturer  is  aware  of  the  facts  and  should,  therefore,  make  due 
provisions.  If  he  desires  to  add  acetanilid,  and  it  is  known  to  him 
that  the  addition  of  this  chemical  will  increase  the  acidity  of  the 
product,  he  should  make  ample  allowance  to  come  within  the  maxi- 
mum limit  of  the  prescribed  acidity.  The  subject  of  direct  titration, 
using  phenolphthalein  as  indicator,  is  discussed  on  page  22. 
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Smith,  Kline  &  French  Co. 

We  beg  to  acknowledge  receipt  of  your  letter  of  the  16tli  with  analyfiiB  of  our  hydro- 
gen peroxJd. 

First  of  all  we  note  that  samples  1  and  3,  judging  from  their  strength,  must  be  our 
15-volume  peroxid.  Therefore,  so  far  as  acidity  and  BoHds  are  concerned,  they 
would  have  to  be  judged  from  a  different  standpoint  than  the  10  volume,  for  it  must 
be  remembered  that  15-volume  peroxid,  being  one-half  stronger,  the  acidity  and 
the  solids  would  necessarily  increase  in  the  same  proportion. 

This  peroxid  is  plainly  branded  15  volumes,  and  is  therefore  distinguished  from 
the  10-volume  product. 

We  are  surprised  to  note  that  only  sample  No.  3  contains  acetaniUd,  because  we 
have  been  putting  acetanilid  in  our  peroxid  for  almost  two  years,  and  this  would 
indicate  that  samples  1  and  2  are  very  old.  If  you  could  let  us  know  the  numbers  on 
the  packages  we  could  in  turn  let  you  know  the  age  of  the  peroxid,  which  might  be 
of  interest.    *    *    ♦ 

We  beg  to  acknowledge  receipt  of  your  letter  of  January  7  giving  us  the  serial  nimi- 
bers  of  packages  of  peroxid,  the  test  of  which  you  have  reported  under  date  of  Decem- 
ber 16. 

We  find  that  the  No.  4926  was  put  up  on  October  31, 1907,  and  No.  4935  on  November 
11,  1907.  The  packages,  therefore,  were  two  years  old  last  October  and  November. 
It  is  therefore  hdi  to  presume  that  they  were  a  year  old  before  the  tests  were  begun. 

Since  that  time  peroxid  in  general,  and  our  peroxid  in  particular,  have  been  much 
improved.  We  think  it  would  be  only  fair,  when  the  tests  are  published,  to  give 
the  date  of  manufacture  and  the  date  of  the  beginning  of  the  test,  because  otherwise 
it  would  be  rather  uniaic  to,  for  instance,  say  15-volume  peroxid,  and  then  give  the 
strength  found,  imless  the  interval  between  the  manufacture  of  the  goods  and  the 
date  of  the  first  test  was  given.  We  leave  this,  of  course,  entirely  to  your  own  good 
judgment. 

Comment  hy  authors, — It  will  be  observed  that  the  investigation 
was  begun  in  October,  1907,  and  the  samples,  examined  were,  there- 
fore, comparatively  fresh. 

Frederick  Stearns  &  Co. 

We  are  very  much  surprised  to  learn  that  you  have  found  any  of  our  product  to 
run  high  in  solids  and  so  very  high  in  acidity.  We  test  very  carefully  every  batch 
of  this  preparation  and  aim  to  have  it  comply  with  phannacopoeial  requirements, 
except  in  so  far  as  we,  like  many  other  manu^tiurers  of  this  article,  add  acetanilid 
as  a  preservative,  as  is  stated  on  every  label.  This  would  increase  the  amount  of 
total  solids  by  the  amoimt  of  acetanilid  so  added.  In  addition  to  this,  the  acetanilid 
also  has  the  effect  of  increasing  the  apparent  percentage  of  acid  because  in  the  U.  S.  P. 
method  of  assay,  the  peroxid  solution  is  boiled  with  the  tenth-normal  KOH  which 
saponifies  the  acetanilid,  some  of  the  alkali  combining  with  the  acetic  acid.    On  a 

25  cc  sample,  basing  calculation  upon  the  amount  of  acetanilid  you  found  (26.5 
mgsaverage),  we  ought  to  deduct  0.5  cc  tenth-normal  KOH  from  the  total  number 
of  cubic  centimeters  required  to  neutralize  the  acid,  because  this  amoimt  (0.5  cc)  is 
equivalent  to  the  26.5  mg  acetanilid  present  in  a  25  cc  sample  of  peroxid. 

We  understand,  of  course,  that  this  does  not  explain  the  high  results  you  obtained, 
but  it  occurred  to  us  that  this  matter  may  not  have  been  taken  into  consideration. 

We  have  gone  over  our  record  of  tests  for  the  entire  year  of  1909  and  find  that  we 
had  but  four  batches  that  yielded  as  much  as  30  mg  of  residue,  the  next  highest  was 

26  mg  the  average  for  the  year  being  20.73  mg.    Likewise  the  average  acidity  for 
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all  of  the  hydrogen  peroxid  manufactured  during  the  entire  year  is  2.31  cc  tenth-normal 
KOH,  tested  according  to  the  U.  S.  P. 
We  always  make  our  determinations  before  the  addition  of  the  acetanilid. 

Comment  by  authors. — Manufacturers  are  aware  that  the  Pharma- 
copoeia prescribes  a  maximum  for  solids,  and  therefore  if  a  pre- 
servative is  added  it  should  be  only  in  such  amounts  as  to  keep  well 
within  the  limits. 

DISOirSSION  OF  BEST7LTS. 

HTDEOGEN  DIOXID. 

As  before  stated,  the  value  of  a  solution  of  hydrogen  peroxid  is 
largely  judged  from  the  percentage  of  hydrogen  dioxid  present. 
The  investigations  were  begim  in  October,  1907,  and  continued 
over  approximately  one  year.  The  results  obtained  on  hydrogen 
dioxid  by  the  gasometric  methods  and  the  iodip  method  dD  not 
materially  vary  from  those  by  the  pharmacopoeial  method,  and  for 
that  reason  the  latter  will  be  made  the  basis  of  comment.  The 
Pharmacopoeia  states  that  hydrogen  peroxid  solution  should  contain, 
when  fresh,  about  3  per  cent  by  weight  of  absolute  hydrogen  dioxid, 
corresponding  to  about  10  volumes  of  available  oxygen. 

A  review  of  the  results  obtained  by  the  first  examination  shows 
that  21  of  the  samples  fall  below  the  3  per  cent  basis  and  8  fall  below 
a  2.75  per  cent  basis.  The  results  obtained  five  and  six  months 
after  the  first  examination  show  that  24  of  the  samples  examined 
had  lost  10  per  cent  and  over  of  the  original  content  of  hydrogen 
dioxid,  while  on  a  15  per  cent  basis,  21  were  found  defective,  which 
is  only  3  less  than  on  the  10  per  cent  basis.  The  point  may  be 
raised  that  this  commodity  is  less  stable  in  warm  than  in  cold  weather, 
but  this  generally  accepted  idea  is  not  supported  by  the  data.  The 
degree  of  deterioration  taking  place  between  5  and  6  months  and 
9  and  10  months,  respectively,  which  covers  the  summer  period, 
does  not  diflfer  materially  from  that  noted  over  similar  periods  of 
time  in  cooler  weather.  It  should,  moreover,  be  noted  that  these 
observations  were  made  after  the  samples  were  at  least  five  or  six 
months  old  and  deterioration  had  set  in,  a  condition  favorable  for 
decomposition. 

Eiiowledge  of  trade  conditions  leads  to  the  belief  that  it  is  not 
necessary  to  keep  hydrogen  peroxid  solutions  on  hand  longer  than 
five  or  six  months,  the  latter  being  the  maximum  limit. 

ACETANILID. 

The  results  of  this  work  undoubtedly  show  that  acetanilid  retards 
the  deterioration  of  hydrogen  peroxid  solutions.  The  inhibition, 
however,  is  not  uniform.    For  example,  of  two  samples  of  hydrogen 
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peroxidy  made  by  the  same  firm  and  both  containing  acetanilid,  one 
will  deteriorate  rapidly,  while  the  other  is  fairiy  stable.  The  cause 
of  such  apparent  abnormalities  has  not  yet  been  determined.  There 
are  probably  numerous  contributing  factors,  but  one  undoubtedly 
is  the  difference  in  the  methods  oF*  manufacture.  Furthermore,  the 
absence  of  acetanilid  from  a  number  of  brands  and  their  slow  rate  of 
deterioration  shows  that  acetanilid  is  not  necessary  to  prevent  or 
retard  decomposition.  Hydrogen  peroxid  solutions  containing  acet- 
anilid sooner  or  later  develop  a  yellowish  or  brownish  tint  and  an  odor 
resembling  nitrobenzol.  To  what  extent  the  presence  of  nitro- 
benzol  and  similar  agents  are  objectionable  has  not  been  established. 
The  Pharmacopoeia  neither  recognizes  nor  prohibits  the  use  of 
acetanilid  as  a  preservative  or  antiseptic  or  otherwise,  yet  many 
packages  bear  labels  declaring  the  presence  of  acetanilid  and  at  the 
same  time  designate  the  article  to  be  the  pharmacopoeia!  product, 
an  obvious  inconsistency.  The  acetanilid  is  not  added  because  of 
its  antiseptic  property,  as  is  indicated  on  some  labels,  but  because 
of  its  apparent  inhibiting  influence  on  deterioration.  The  presence 
of  acetanilid  was  declared  in  72  samples,  and  found  in  70. 

Acmrrr. 

The  results  on  acidity  show  that  a  large  majority  of  the  products 
are  excessively  acid.  This  may  be  interpreted  that  the  standard 
equivalent  of  2.5  cc  of  tenth-normal  sulphuric  acid  for  25  cc  of  the 
solution  is  too  exacting.  By  placing  the  upper  limit  at  3  cc  of  tenth- 
normal siJphuric  acid  for  25  cc,  51  samples  would  stiU  be  excessively 
acid,  and  by  placing  the  standard  at  4  cc,  22  would  remain  above  the 
limit. 

A  certain  amount  of  the  acidity  may  be  due  to  the  oxidation  of  the 
acetanilid  present.  TJiis  is  a  point,  however,  which  should  be  pro- 
vided for  by  the  manufacturer  who  uses  the  chemical  The  maximum 
acidity  prescribed  by  the  United  States  Pharmacopoeia  does  not 
appear  to  be  too  exacting,  particularly  when  it  is  remembered  that 
hydrogen  peroxid  solutions  are  largely  used  as  mouth  washes.  If 
this  product  should  contain  an  excessive  amoimt  of  free  acid,  it 
would  of  necessity  exert  a  deleterious  influence  upon  the  teeth. 

Numerous  experiments  have  been  made  on  the  determination  of 
the  acidity  of  hydrogen  peroxid  solutions  by  the  pharmacopoeial 
and  other  methods,  and  it  has  been  found  that  methyl  orange  could 
be  substituted  with  advantage  for  phenolphthalein  if  the  present 
pharmacopoeial  method  is  retained.  Experience  and  experiments 
furthermore  show  that  the  free  acidity  can  readily  be  determined  by 
direct  titration,  using  phenolphthalein  as  indicator,  and  there  seems 
to  be  no  good  reason  for  continuing  the  use  of  the  present  pharma- 
copoeial method. 
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NONVOLATILE   MATTEB. 

The  results  show  that  a  comparatively  small  number  of  samples 
contain  an  excessive  amount  of  solids.  There  should  be  little  diffi- 
culty in  properly  adjusting  this  matter,  particularly  in  view  of  the 
fact  that  the  majority  of  those  containmg  excessive  amounts  of  solid 
material  come  from  the  same  factory.  One  manufacturer  states 
definitely  that  the  amount  of  nonvolatile  matter  is  in  excess  of  that 
prescribed  by  the  Pharmacopoeia.  The  solid  material  on  examina- 
tion was  foimd  to  contain  one  or  more  of  the  following:  Chlorids, 
phosphates,  siJphates,  and  acetanilid.  In  no  case  was  the  presence 
of  fluorids  established,  but  in  several  instances  a  trace  of  metals  was 
noted.  Tests  made  on  the  solid  material  show  that  the  acetanilid 
was  neither  completely  decomposed  nor  volatilized  at  120^  C. 

Notwithstanding  the  fact  that  hydrogen  peroxid  solutions  are 
known  to  be  more  or  less  unstable,  some  manufacturers  place  such 
statements  as  the  following  upon  the  labels:  'Termanent,"  "Guar- 
anteed unsurpassed  in  keeping  qualities,"  "A  permanent  *  *  * 
preparation,"  ''Unsurpassed  in  strength  and  keeping  qualities," 
'*Full  10  volumes  strength,"  etc.  The  analysis  showed  that  the 
sample  bearing  the  latter  label  was  less  than  two-tlurds  of  the  stand- 
ard strength.  Why  such  statements  should  be  made  in  connection 
with  products  of  this  character  is  difficult  to  understand,  since  it  is 
well  known  that  they  are  liable  to  deterioration.  It  should  be  noted, 
however,  that  this  investigation  shows  the  quality  of  medicinal 
hydrogen  peroxid  available  on  the  market  to  be,  on  the  whole,  very 
satisfactory. 
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THE  PXTBITT  OF  GLYCEBnT. 

By  L.  F.  Kebler  and  H.  C.  Fuller. 
SCOPE  OF  INVESTIGATION. 

The  question  of  the  purity  of  glycerin  has  assumed  great  impor- 
tance during  recent  years  because  of  the  extensive  use  of  this  product 
in  the  preparation  of  medicinal  agents.  This  has  been  impressed  on 
the  manufacturers  to  such  an  extent  that  the  quality  of  glycerin  on 
the  market  has  been  greatly  improved  and  the  best  grades  may  now 
be  procured  without  difficulty. 

The  claim  has  often  been-  advanced  that  the  present  glycerin 
standard  is  too  rigid  and  in  certain  respects  can  rarely  be  attained; 
hence  the  Pharmacopceia  should  be  so  modified  that  it  will  be  con- 
sistent with  conditions  which  actually  exist.  To  confirm  or  refute 
this  statement  it  was  necessary  to  investigate  the  quality  of  the 
glycerin  on  the  market  in  the  United  States,  and  to  determine  exactly 
to  what  extent  samples  from  different  sources  conformed  to  the  tests 
prescribed  in  the  Pharmacopoeia.  Another  purpose  was  to  learn 
whether  there  were  any  glycerins  which  would  not  reduce  Fehling's 
solution,  the  claim  that  no  such  article  was  obtainable  being  of  impor- 
tance owing  to  the  use  of  glycerin  in  the  preparation  of  Haines's 
solution,  an  alkaline  copper  liquid  which  has  been  recommended  for 
detecting  sugar  in  urine  and  whose  value  as  a  testing  reagent  would 
naturally  be  impaired  if  reduction  occurred  when  no  sugar  was 
present. 

Letters  were  sent  to  manufacturers  in  different  parts  of  the  coimtry 
requesting  samples,  the  scope  of  the  inquiry  being  outlined  suffi- 
ciently to  give  them  every  opportunity  to  submit  glycerin  of  as  high 
quality  as  possible,  together  with  any  comments  and  suggestions 
deemed  desirable.  When  the  examination  had  been  completed,  the 
several  dealers  who  had  responded  were  sent  analyses  of  their  own 
makes  of  glycerin,  with  a  request  for  further  criticisms  before  the 
publication  of  the  results.  Samples  were  received  from  the  following 
11  firms  in  the  United  States,  two  additional  samples  of  foreign 
manufacture  having  been  purchased  on  the  open  market: 

Armour  Soap  Works,  Chicago  (two  eamples). 
Colgate  A  Co.,  New  York. 

Harshaw,  Fuller  &  Goodwin  Co.,  Cleveland,  Ohio. 
Wm.  A.  Jobbins,  Aurora,  111. 
Jas.  S.  Kirk  &  Co.,  Chicago. 
Larkin  Co.,  Bu£talo,  N.  Y.  (two  eamples). 
Marx  &  Rawolle,  New  York. 
Peet  Bro8.  Manufacturing  Co.,  Kansas  City,  Kans. 
24 
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Powers,  Weigh tman,  Boeengarten  Co.,  Philadelphia. 

Procter  &  Gamble  Ck).,  Cincinnati,  Ohio. 

M.  Werk  Co.,  Cincinnati,  Ohio. 

E.  Schering,  Berlin,  Germany. 

Price's  Patent  Candle  Co.,  London,  England. 

DISOXTSSION  OF  lOSTHODS  AND  BESULTS. 

The  samples  were  examined  first  according  to  the  methods  pre- 
scribed in  the  Pharmacopoeia.  A  rigid  examination  was  made  for 
arsenic  in  order  to  determine  whether  even  traces  of  this  substance 
were  left  in  the  glycerin;  special  tests  were  made  to  note  the  action 
on  Fehling's  solution,  and  a  sample  of  Haines's  solution  was  made 
up  with  each  product.  The  physical  appearance  was  good  in  every 
instance.  The  samples  were  all  neutral  to  litmus  paper.  The 
specific  gravities  at  25°  C.  varied  from  1.248  to  1.258,  in  most  cases 
being  above  1.250,  with  an  average  of  1.254.  In  this  respect  they 
were  all  above  the  standard  requirement  of  1.246  at  25°  C. 

The  pharmacopoeial  test  for  sugar  gave  negative  results,  as  would 
be  expected.  Experiments  were  then  conducted,  noting  the  action 
on  Fehling*s  solution,  using  concentrated  and  diluted  glycerin  and 
without  previously  heating  with  acid  as  in  performing  the  sugar 
test.  Two  samples  which  reduced  Fehling*s  solution  in  the  undi- 
luted state  gave  no  reduction  on  dilution;  two  reduced  the  solution 
on  diluting,  but  did  not  in  the  concentrated  condition ;  three  showed 
no  reduction  either  diluted  or  undiluted;  while  the  remainder 
reduced  Fehling's  solution  under  any  condition.  Several  of  the  sam- 
ples which  reduced  Fehling's  solution  in  the  undiluted  condition 
had  reduced  ammoniacal  silver  nitrate  in  the  Hager  test.^  Haines's 
solution,  when  made  according  to  directions  given  in  works  on 
urinalysis*  was  reduced  in  every  instance,  thereby  substantiating 
the  claims  which  had  already  been  advanced  in  this  connection.** 

Most  of  the  samples  were  well  within  the  requirements  as  to  the 
color  imparted  by  concentrated  sulphuric  acid,  various  shades  of 
yellow  occurring.  One  sample  was  dark  brown  and  fluorescent, 
while  another  turned  brown  and  gave  oflf  a  strong  fatty  odor.  In 
fact,  the  odor  varied  more  than  the  color,  some  samples  having  the 
fatty  odor  just  mentioned,  while  others  had  an  unmistakably  pleasant 
aromatic  smell;  four  had  a  characteristic  hydrocarbon  odor,  and  in 
one  instance  the  product  was  practically  without  color  or  odor,  but 
evolved  a  quantity  of  minute  gas  bubbles.  When  the  samples  were 
treated  with  alcohol  and  sulphuric  acid  and  warmed  on  the  steam 
bath  ethereal  odors  were  noted  in  all  cases,  the  unpleasant  butyric 
ester  predominating,  although  with  two  samples  an  agreeable  fatty 

a  Handboch  der  Pharm.  Praxis,  4th  ed.,  1905, 1:  1221. 

^  Pardy,  R.  O.,  Practical  urinalysis  and  urinary  diagnosis.    1805,  p.  103. 

«  Mayer,  J.  L.,  The  reducing  action  of  glycerin,  Merck's  Report,  1905, 14:  105. 

21460**— Bull.  150—12 4 
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odor  was  noticed.  In  certain  instances  this  test  ran  parallel  with 
the  former  one,  in  that  samples  which  gave  scarcely  any  color  or 
odor  with  sulphuric  acid  gave  but  a  slight  ethereal  odor,  but  for 
the  most  part  the  tests  were  entirely  at  variance;  as  will  be  noted  on 
examining  the  table  on  page  27.  When  simply  heated  on  the  steam 
bath  marked  differences  in  odor  were  noted,  four  samples  gave  off 
a  slight  odor  of  no  particular  character,  two  an  aromatic  odor,  and 
the  remainder  a  fatty  odor  of  varying  intensity. 

A  reaction  was  obtained  showing  a  slight  trace  of  sulphates  in 
five  products,  a  trace  of  chlorids  in  two,  and  a  reduction  of  silver 
nitrate  in  five,  this  being  very  marked  with  one  specimen;  oxalates 
were  indicated  in  two  samples  from  the  same  manufacturer;  heavy 
metals  were  shown  in  three  cases,  while  six  gave  no  reactions  for 
metals  or  acids. 

Only  one  sample  showed  the  presence  of  objectionable  amoimts  of 
arsenic,  and  this  was  of  foreign  make  and  labeled  ''arsenic  free." 
The  Marsh  test  was  rigidly  applied  to  every  glycerin  in  order  to 
determine  how  completely  the  arsenic  had  been  eliminated;  six 
specimens  gave  no  mirror,  and  the  others,  with  the  exception  of  the 
one  above  mentioned,  contained  less  than  one  part  in  a  million. 
It  is  of  interest  to  note  that  of  two  samples  submitted  by  one  manu- 
facturer one  contained  arsenic  and  the  other  did  not. 

Satisfactory  results  seemed  impossible  with  the  pharmacopoeial 
test  using  ammoniacal  silver  nitrate;  reduction  took  place  in  every 
instance,  and  it  was  apparent  that  no  significant  conclusions  could  be 
drawn  from  its  use.  Accordingly  it  was  abandoned  for  the  test 
described  by  Hager,^  with  which  better  comparative  results  were 
obtained.  Five  cubic  centimeters  of  the  sample  were  mixed  with  5 
cc  of  26  per  cent  anmionia  water  and  5  drops  of  silver  nitrate  added; 
the  mixture  was  allowed  to  stand  at  the  ordinary  temperature  in  the 
dark  for  15  minutes  and  its  appearance  noted.  There  was  no  reduc- 
tion of  the  silver  nitrate  in  six  cases,  and  a  marked  reduction  in  two, 
the  other  samples  being  slightly  colored. 

ANAI^YTICAI.  DATA. 

The  investigation  showed  that  glycerin  could  be  produced  which 
would  answer  all  of  the  pharmacopoeial  requirements  with  the 
exception  of  the  anmioniacal  silver  nitrate  test.  It  also  showed 
that  although  some  glycerins  gave  off  a  fruity  odor  when  treated 
with  alcohol  and  sulphuric  acid,  they  were  otherwise  of  good  quality; 
therefore  the  wording  of  this  test  should  be  modified  in  order  to 
include  the  disagreeable  butyric  odor  as  it  now  discriminates  only 
against  a  "fruity  odor.'' 

•  Loc.  cit. 
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CX>MMENTS  BY  MANX7FACTX7BBBS. 

Replies  were  received  from  all  of  the  manufacturers  whose  goods 
were  examined.  The  following  excerpts  from  these  letters  are  of 
interest.  This  investigation  shows  that  the  glycerin  available  on  the 
American  market  is  of  excellent  quality,  the  one  sample  which  was 
materially  defective  being  of  foreign  origin. 

Colgate  &  Co. 

We  would  call  attention  to  the  fact  that  the  directions  for  Fehling's  test  as  given 
by  the  U.  S.  P.  are  not  explicit  enough,  as  it  is  not  stated  whether  the  mixture  is  to 
stand  for  six  hours  at  ordinary  temperature  or  on  the  water  bath.  The  test  is  entirely 
imcalled  for,  as  any  C.  P.  glycerin  should  leave  but  a  very  slight  residue  seldom 
over  0.01  per  cent  on  being  idlowed  to  bum  off  spontaneously,  and  if  any  sugar  were 
present  it,  as  well  as  other  nonvolatile  impurities,  would  show  in  the  amount  of  residue. 
Silver  tests,  and  ammoniacal  silver  tests,  are  unreliable,  as  it  is  easy  to  get  results 
ranging  firom  no  coloration  to  a  heavy  mirror  of  silver  on  the  same  glycerin  by  slight 
variations  in  the  method  of  testing.  The  test  is  no  criterion  for  the  presence  of  acro- 
lein, as  it  is  easy  to  work  the  test  so  as  to  give  a  heavy  silver  mirror  with  any  glycerin 
made,  although  acrolein  may  be  entirely  absent.  I  will  add  that  the  sample  of 
glycerin  we  sent  you  gave  no  appreciable  reduction  when  we  tested  it  with  anmi6niacal 
silver  nitrate  U.  S.  P. 

The  mixing  of  glycerin  with  an  eqiial  volume  of  concentrated  stdphuric  acid  is 
another  test  which  is  apt  to  give  very  erratic  results. 

In  reference  to  specific  gravity  it  should  be  mentioned  that  the  specific  gravity  given 
in  the  U.  S.  P.  as  corresponding  to  95  per  cent  glycerin  is  not  correct  within  1  per 
cent  of  glycerin,  but  was  calculated  from  old,  inaccurate  tables.    Of  the  published 

tables,  that  of  Nicol  at     q^'  is  most  accurate,  being  very  nearly  correct. 

Now  that  the  U.  S.  P.  has  become  the  legal  standard,  it  is  desirable  that  the  tests 
should  be  rational  in  every  particular,  and  that  they  should  be  so  rigid  as  to  exclude 
inferior  goods,  and  on  the  other  hand  should  require  no  imnecessary  tests  and  no  tests 
apt  to  give  erratic  results. 

Oomments  hy  the  authors. — The  application  of  the  designation 
''C.  P."  to  the  available  glycerin  misrepresents  the  facts  and  should 
therefore  be  discontinued. 

The  Harshaw,  Fuller  &  Goodwin  Co. 

Under  date  of  May  18,  1907,  we  forwarded  to  you  a  sample  of  our  glycerin,  which 
represented  the  average  run  of  goods  we  were  at  that  time  turning  out.  This,  how- 
ever, was  nearly  two  years  ago,  and  since  that  time  we  have  been  constantly  endeav- 
oring to  improve  our  product.  We  have  succeeded  so  far  as  sulphate  is  concerned. 
^Your  analysis  of  the  sample  referred  to  states  that  it  showed  a  trace  of  sulphate.  An 
analysis  of  our  present  product  would  not  show  this. 

With  reference  to  butyric  acid,  it  seems  impossible  to  entirely  eliminate  this.  In 
operating  our  glycerin  refinery,  we  must  purchase  our  crude  material  £rom  a  great 
number  of  producers  located  in  France,  Italy,  Spain,  Germany,  South  America,  and 
elsewhere.  No  two  of  them  make  exactly  the  same  product.  There  are  certain  pro- 
ducers who  make  such  an  excellent  quality  of  crude  that  it  is  possible  for  us  to  pro- 
duce from  it  a  refined  glycerin  without  any  objectionable  features.  The  quantity  of 
this  material,  however,  is  comparatively  small,  and  while  we  could  send  you  a  sample 
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made  from  it,  which  would  test  as  above,  yet  it  would  not  fairly  represent  an  average 
product. 

William  F.  Jobbins,  (Inc.). 

Definite,  fixed  limits  of  impurities  should  be  prescribed  and  taste  and  odor  tests 
eliminated,  as  two  different  individuals  almost  invariably  have  a  widely  different 
sense  of  taste  or  smell.  One  chemist  will  sometimes  be  of  opinion  there  b  a  foreign 
taste  or  smell,  while  another  can  detect  neither. 

As  the  glycerin  industry  throughout  the  world  has  been  revolutionized  by  our 
patented  processes  and  machinery,  which  have  gradually  been  adopted  during  the 
last  past  15  years,  and  are  now  almost  exclusively  used  by  glycerin  producers,  we 
submit  we  speak  as  recognized  authorities  on  the  subject,  and  beg  to  suggest  that 
the  Pharmacopoeia  requirements  be  changed,  as  follows: 

Specific  gravity  not  less  than  1.258  at  15**  C.  (60''  F.),  the  specific  gravity  to  be 
ascertained  by  means  of  a  Westphal  specific  gravity  balance^  dl  materials  being  at 
the  temperature  of  the  room,  the  value  found  being  reduced  to  the  value  at  15®  C.  by 
adding  a  product  r^resented  by  (temperature  —  15)  X  0.000581. 

Carbonaceous  residue,  including  mineral  and  readily  carbonizable  impurities,  not  to 
exceed  0.009  per  cent.  Test:  Weigh  50  grains  of  glycerin  in  a  tared  platinum  dish, 
heat  cautiously  until  it  inflames,  then  remove  the  source  of  heat  (preferably  Bunsen 
burner)  and  allow  the  glycerin  to  bum  away  in  a  place  free  from  draft;  transfer  the 
dish  to  a  desiccator  and  when  cool  weigh. 

Ash,  including  chlorids,  not  to  exceed  0.005  per  cent.  Test:  Ignite  the  carbona- 
ceous residue  at  a  red  heat  till  it  ceases  to  lose  weight;  then  transfer  to  a  desiccator 
and  when  cold  weigh. 

Chlorids,  not  to  exceed  0.001  per  cent,  figured  as  NaCl.  Test:  Put  the  ash  in  100 
cc  distilled  water,  make  slightly  acid  with  HNOj,  add  two  or  three  drops  of  a  cold, 
saturated  solution  of  neutral  chromate  of  potassium  as  indicator,  then  run  in  from 
accurately  calibrated  burette  one-tenth  normal  silver  nitrate  volumetric  solution  till 
tinge  of  permanent  red  color  appears.  The  cubic  centimeter  of  one-tenth  normal 
silver  nitrate  volumetric  solution  used  multiplied  by  0.005806  for  each  cubic  centi- 
meter, and  then  by  2,  giving  the  percentage  of  chlorin  as  sodium  chlorids. 

Total  acid  equivalent,  in  terms  of  NaOH,  not  to  exceed  0.02  per  cent.  Test: 
Weigh  100  grams  of  the  glycerin,  add  100  cc  of  distilled  water  and  a  few  drops  of 
phenolphthalein  solution  as  indicator.  Rim  in  an  excess  of  one-tenth  normal  NaOH 
solution  (3.976  grains  of  NaOH  to  1  liter)  from  a  burette,  boil  for  three  minutes  over 
Bunsen  burner,  then  titrate  with  tenth  normal  H3SO4  solution  (4.8675  grains  per  liter) 
run  in  from  a  burette,  until  pink  color  just  disappears.  The  NaOH  solution  used, 
less  the  H2SO4  solution  used,  must  not  exceed  5  cc  to  neutralize. 

In  addition  to  the  foregoing  tests  an  aqueous  solution  (1  cc  of  glycerin  to  10  cc  of 
distilled  water)  with  5  cc  of  tenth-normal  silver  nitrate  volumetric  solution,  the  mix- 
ture shaken  and  placed  in  a  dark  place  for  10  minutes,  may  assume  a  slight  pink  or 
gray  tinge,  but  must  not  turn  red  nor  black,  nor  give  a  precipitate.  The  glycerin  shall 
then  be  considered  chemically  pure  and  free  from  chlorids,  acids,  or  other  impurities. 

These  tests  cover  all  possible  impurities  to  be  found  in  C.  P.  glycerin,  and  being  set 
forth  with  definiteness  leave  no  latitude  for  controversy  between  chemists,  and  insure 
a  glycerin  of  such  purity  as  is  applicable  in  the  use  of  medicines,  foods,  or  drugs,  and 
are  requirements  which  no  honest  refiner  of  glycerin  can  possibly  make  objection  to, 
and  are,  in  fact,  the  tests  by  which  the  leading  glycerin  refiners  are  governed. 

American  glycerin  is  equal  to  any  foreign  glycerin.  Regarding  test  with  Fehling's 
solution,  we  have  to  say  that  same  is  no  longer  employed.  If  adulterated  with  sugar 
it  would  increase  the  carbonaceous  residue  beyond  the  recognized  limit,  so  sugar 
adulteration  is  provided  against  by  the  carbonaceous  residue  test. 
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J.  C.  Larkin  Go. 

In  Jooking  back  over  our  tests  we  find  one  made  on  the  batch  of  glycerin  from  which 
the  sample  forwarded  you  was  taken.  We  find  that  this  test  indicates  the  glycerin 
to  be  very  much  better  quality  than  your  tests  show.  Of  course,  the  matter  of  odor, 
darkness  of  color  when  mixed  with  sulphuric  acid,  etc.,  is  largely  a  matter  of  judg- 
ment, and  the  tests  are  not  specific  enough  to  enable  two  independent  operators  to 
check  exactly  their  results.  For  instance,  what  you  might  consider  a  strong  odor,  or 
a  dark  color,  might  not  be  so  considered  by  our  chemist,  etc. 

We  note,  however,  that  you  state  that  this  glycerin  reduces  ammoniacal  silver 
nitrate  when  tested  by  the  U.  S.  P.  method.  We  never  turned  out  a  glycerin,  as  far 
as  we  are  aware,  that  responded  to  this  test.  We  are  making  tests  of  our  glycerin 
continually  as  we  produce  it,  and  looking  back  over  our  files  we  can  not  find  a  single 
test  which  shows  a  quality  as  poor  as  your  tests  would  indicate.  We  would  call  your 
attention  to  the  &ct  that,  as  &r  as  we  can  learn,  the  sample  of  the  glycerin  which  you 
have  tested  is  almost  two  years  old.  We  can  not  tell  what  happened  to  it  during  the 
interval  after  it  left  our  hands  and  was  tested  by  you. 

Pbet  Bros.  Manxjpaoturino  Co. 

It  is  barely  possible  that  our  G.  P.  glycerin  contains  a  trace  of  sodium  chlorid,  but 
it  is  almost  inconceivable  that  it  should  contain  a  trace  of  sulphate,  as  we  use  muriatic 
acid  exclusively  in  its  preparation,  with  the  resultant  conversion  of  any  sulphate 
which  might  be  present  into  chlorids. 

Also  notice  you  mention  a  slight  trace  of  arsenic.  We  would  like  to  ask  what  test 
was  used  in  aniving  at  this  conclusion? 

Powers,  Weightman,  Rosenoarten  Go. 

Referring  to  your  favor  of  the  10th  instant,  regarding  the  report  of  examination  by 
the  Department  of  Agriculture  on  our  sample  of  glycerin,  we  would  advise  that  some 
of  our  tests  agree  with  those  made  by  the  department,  but  vary  in  others  as  follows: 

Test  3:  D.  A.— Strong  aromatic  odor  on  heating  at  temperature  of  water  bath. 
P.  W.  R. — Slight  odor  of  volatile  fat  acids  on  heating  at  water  bath  temperature. 

Test  4:  D.  A. — ^Unpleasant  ethereal  odor  on  warming  with  alcohol  and  sulphuric 
acid.    P.  W.  R. — Pleasant  ethereal  odor  on  warming  with  alcohol  and  sulphuric  acid. 

Test  5:  D.  A. — Dark  yellow  color  with  strong  odor  when  mixed  with  equal  volume 
of  sulphuric  acid  in  the  cold.  P.  W.  R. — Dark  yellow  color  and  mild  odor  when 
mixed  with  equal  volume  of  sulphuric  acid  without  heating  (the  mixture  becomes 
hot  when  mixed).    Pale  yellow  and  Mnt  odor  when  mixture  is  kept  cold  widi  water. 

Test  6:  D.  A.— Reduces  ammoniacal  silver  nitrate  U.  S.  P.  test.  P.  W.  R.— This 
test  is  doubtful.    No  reaction  reported  in  two  tests  out  of  three. 

Test  7:  D.  A. — Slight  color  with  anmioniacal  silver  nitrate,  Hager's  directions. 
P.  W.  R. — ^No  reaction.  Hager's  directions  rather  vague;  there  may  be  a  reaction 
under  some  conditions  of  appljdng  the  test. 

Test  10:  D.  A. — Reduces  Fehling's  solution  in  the  cold  on  standing,  no  reduction 
on  heating.    P.  W.  R. — No  reduction,  either  hot  or  cold. 

Test  11:  D.  A. — ^Reduces  Fehling's  solution  made  according  to  Haine;  sugar  none. 
P.  W.  R. — Does  not  reduce  Fehling's  solution  made  according  to  Haine. 

Of  course  the  same  sample  was  not  used  in  both  instances,  which  doubtless  accounts 
for  some  of  the  differences  shown  above.  However,  both  tests  seem  to  agree  that  the 
glycerin  contains  the  merest  trace  of  a  fat  acid,  which  most  likely  is  butyric. 

Pbicb's  Patent  Candle  Go.  (Ltd.). 

We  may  say  at  once  that  the  results  differ  so  widely  from  those  obtained  from  the 
examination  of  our  current  make,  all  of  which  is  carefully  tested  before  issue,  that 
we  are  quite  at  a  loss  to  uodentand  the  divergence. 
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SCHERING   &   GlATZ. 

♦  ♦  ♦  We  had  lengthy  correspondence  with  Messrs.  Schering  in  1905  and  1907, 
relative  to  their  glycerin,  and  they  reported  that  their  product  complies  with  every 
test  of  the  U.  S.  Pharmacopoeia,  save  that  for  fatty  acids.  This  test  they  consider 
extravagant  and  impossible  to  comply  with,  therefore  labeling  their  product,  as  per 
specimen  inclosed:  "Schering's  glycerin,  thrice  distilled,  complies  with  every  test  of 
the  U.  S.  Pharmacopoeia,  excepting  the  one  for  volatile  fatty  acid,  which  is  not  made 
by  the  pharmacopoeia  of  any  other  country.  While  this  test  may  show  the  presence 
of  minute  quantities  of  fatty  acids,  these  are  so  infinitesimal  that  they  are  wholly 
without  significance.    No  glycerin,  so  far  as  we  know,  responds  to  this  test.'* 

Reverting  to  your  esteemed  communication  of  the  10th  ult.,  we  would  say  that  the 
Chemische  Fabrik  auf  Action  (vorm.  E.  Schering)  in  Berlin,  beg  to  comment  as 
follows  on  your  findings  relative  to  their  glycerin: 

'* Slight  odor  on  heating  at  temperature  of  water  bath. — It  is  not  stated  that  the  odor 
noticed  was  an  unpleasant  one.  Doubtless  most  products  will  show  an  odor  upon 
warming,  no  matter  how  pure  and  how  odorless  in  the  cold  state. 

** Slight  fatty  ethereal  odor  on  warming  with  alcohol  and  sulphuric  acid. — MiTn'mal 
traces  of  fatty  acids  are  contained  in  every  distilled  glycerin.  Our  repeated  request 
to  send  us  any  glycerin  which  is  absolutely  free  from  i&tty  acid,  you  have  not  been 
able  to  comply  with. 

**  Yellow  color  with  slight  fatty  odor  when  mixed  with  an  equal  volume  of  sulphuric  acid 
in  the  cold. — A  yellowish  coloration  on  mixing  glycerin  with  concentrated  sulphuric 
acid  is  unavoidable  and  has  been  declared  admissible  by  the  U.  S.  Pharmacopoeia. 

"  Traces  of  heavy  metals. — It  may  be  conceded  that  our  glycerin  contains  traces  of 
heavy  metals.  So  long  as  vessels  made  of  heavy  metals  are  used,  this  will  not  be 
preventable.  But  the  method  of  test  of  the  U.  S.  Pharmacopoeia  is  of  such  a  nature 
that  discoloration  upon  addition  of  hydrogen  sulphid  may  also  be  due  to  the  presence 
of  organic  substance,  or  the  glycerin  itself. 

**  Arsenic. — It  has  not  been  found  possible  in  our  analytical  laboratory  to  demonstrate 
in  unequivocal  manner  the  presence  of  arsenic  in  our  chemically  pure  glycerin.    But 
if  the  finding  of  '0.4  part  per  million'  is  correct,  the  glycerin  abundantly  fulfils  iho 
revisions  of  the  U.  S.  P.  on  this  point. 

*' Reduces  with  ammoniacal  silver  nitrate^  U.  S.  P.  test  and  IIager*s  directions. — Regard- 
ing the  behavior  of  anunoniacal  silver  solution  to  glycerin  a  great  deal  has  been  pub- 
lished, but  the  matter  is  still  unclear.  Inasmuch  as  refined  glycerins,  which  are  far 
less  pure  than  distilled  glycerins,  do  not  reduce,  the  test  is  generally  not  considered 
of  importance. 

^^ Reduces  with  Fehling^s  solution. — It  would  be  interesting  to  learn  how  this  test  was 
made.  Inasmuch  as  Dr.  Wiley's  analysis  showed  no  sugar  and  as  we  ourselves  know 
that  none  is  present,  we  do  not  understand  the  object  of  the  test.  That  glycerin  is  a 
readily  oxidizable  body  and  therefore  has  a  reducing  action,  must,  of  course,  not  be 
overlooked." 

OONOLTTSIONS. 

It  appears  from  this  investigation  that  a  high  grade  glycerin  should 
meet  the  following  requirements: 

Its  specific  gravity  should  be  about  1.250  at  25®  C. 

It  should  be  neutral  to  litmus  paper. 

It  should  leave  no  ash  on  ignition. 

It  should  give  off  but  a  slight  odor  when  heated  alone  at  the  tem- 
perature of  the  water  bath. 
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It  should  not  give  off  an  unpleasant  ethereal  odor  nor  a  strong 
fruity  odor  when  warmed  with  alcohol  and  sulphuric  acid. 

It  should  not  develop  more  than  a  yellow  color  when  mixed  with 
an  equal  voliune  of  sulphuric  acid  and  no  disagreeable  odor  should  be 
evolved. 

When  treated  with  silver  nitrate  and  ammoniiun  hydroxid,  accord- 
ing to.Hager,  no  color,  or  at  most  only  a  yellow  color,  should  develop. 

It  should  give  no  reaction  for  sulphates,  chlorids,  oxalates,  or 
metals. 

It  should  give  no  reaction  for  sugars. 

When  diluted  with  an  equal  volume  of  water  it  should  give  no 
reduction  with  Fehling's  solution. 

It  should  not  contain  arsenic  in  excess  of  the  limit  prescribed  in 
the  Pharmacopoeia. 
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170TES  017  TWO  IMPOBTAlfT  ALKALOIDAL  BEAGTI017S. 

By  H.  C.  FuLLBR. 

During  the  systematic  analysis  of  a  large  number  of  pharma- 
ceutical products  it  has  been  apparent  from  time  to  time  that  certain 
of  the  standard  reactions  employed  as  a  means  of  identification  of 
alkaloids  can  not  be  reUed  upon  absolutely  and  in  all  circumstances. 
The  tests  in  question  are  the  Vitali  color  reaction  given  by  atropin 
and  the  oxidation  reaction  of  sulphuric  acid  and  potassium  bichro- 
mate on  strychnin.  When  the  ingredients  of  certain  medicines  were 
separated,  and  tests  subsequently  applied  in  order  to  establish  the 
identity  of  the  unknown  substances,  residues  were  found  to  give 
a  purple  color  with  alcoholic  potash  very  characteristic  of  atropin, 
yet  neither  atropin  nor  belladonna  extract  had  been  added  to  the 
preparation,  and  in  other  instances  on  treating  a  residue  with  sul- 
phuric acid  and  potassium  bichromate  a  characteristic  purple  color 
was  obtained,  yet  neither  strychnin  nor  nux  vomica  was  found. 
These  facts  become  especially  important  in  forensic  work  where,  in 
many  instances,  the  analyst  has  a  comparatively  small  sample  at  his 
disposal,  and  often  the  proportion  of  alkaloidal  substances  is  not 
lai^e. 

Allen  "  says  in  connection  with  Vitali's  reaction: 

The  violet  reaction  is  almost  peculiar  to  atropin  and  its  isomers.  Out  of  some  60 
alkaloids  examined  none  others  were  found  to  give  a  violet  coloration.  Strychnin 
gives  a  red,  brudn  a  greenish,  and  homatropin  a  yellow  color  when  similarly  treated^ 

while  Menegazzi  *  holds  that  strychnin  acts  similarly  to  atropin. 

Beckmann^  states  that  on  evaporating  veratrin  with  nitric  acid 
a  yellow  residue  is  left  which  on  the  addition  of  alcoholic  potash  gives 
a  violet  color  that  quickly  changes  to  a  cherry  red  and  gradually 
becomes  brown. 

Allen,  commenting  on  the  sulphurio-acid  bichromate  test,  states 
that  ''colocynth  resin  gives  a  very  similar  reaction  to  strychnin,  but 
is  readily  detected  by  agitating  the  acidulated  solution  with  benzene 
or  ether." 

The  similarity  of  the  action  of  the  alkaloids  of  gelsemium  and  of 
berberin  has  been  mentioned  in  the  literature  from  time  to  time. 

In  order  to  determine  which  of  the  drug  extracts  in  common  use 
yield  substances  responding  to  the  reactions  in  question,  a  series  of 

a  Commerioal  otganio  analysis,  1907,  vol.  3,  pt.  2,  p.  268. 
5  Ber.  d.  ohem.  Ges.,  18M,  S7  (4):275. 
«  Aichiv.  pbaniL,  1886,  »4;  :481. 
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experiments  was  conducted  with  some  of  the  ordinary  drug  products 
employed  in  the  manufacture  of  galenical  preparations.  It  was 
deemed  advisable  to  work  with  the  drug  itself  and  not  with  the  puri- 
fied alkaloid,  as  the  former  is  generally  used  in  the  class  of  products 
imder  consideration.  An  alcoholic  extract  of  the  drug  was  evapo- 
rated cautiously  until  the  alcohol  had  been  driven  off.  The  residue 
was  then  digested  with  normal  sulphuric  acid  and  filtered  into  a 
separator.  To  remove  the  basic  constituents-,  ammoniimi  hydroxid 
was  added  in  excess  and  the  solution  shaken  three  times  with  Prolius 
mixture.  The  solvent  was  filtered  and  evaporated,  and  the  residue 
dissolved  in  normal  sulphuric  acid.  The  solution  was  filtered  into  a 
separator  and  shaken  out,  first  with  chloroform  and  then  with  petro- 
leimi  ether.  Ammonia  was  then  added  in  excess  and*the  solution 
shaken  out  successively  with  three  portions  each  of  petroleimi  ether 
(boiling  at  30°  to  50°  C.)  and  chloroform.  The  solvent  solutions 
were  washed  with  water  and  then  filtered  and  evaporated.  The  resi- 
dues thus  obtained  were  practically  free  from  any  material  other  than 
that  of  an  alkaloidal  nature,  and  were  virtually  of  the  same  character 
as  those  obtained  in  making  a  systematic  analysis  of  a  medicine. 
Portions  of  these  residues  were  treated,  according  to  the  customary 
methods  of  analysis,  with  nitric  acid  and,  after  evaporation,  with  alco- 
holic potash;  also  with  sulphuric  acid  and  potassiimi  bichromate. 

In  the  case  of  the  Vitali  reaction,  working  with  the  portion  removed 
by  the  petroleum  ether,  the  addition  of  alcoholic  potash  to  the  dry 
residue  gave  a  purple  color  in  the  case  of  extracts  of  belladonna,  coca, 
nux  vomica,  and  yohimbe.  The  material  obtained  from  aconite, 
cinchona,  colchicmn,  colocynth,  coniiun,  gelsemiiun,  gentian, 
hydrastis,  ipecac,  opimn,  physostigma,  pilocarpus,  sanguinaria,  and 
Veratrum  viride  gave  no  reaction  of  this  character.  The  portion 
removed  by  the  chloroform  gave  a  purple  color  in  the  cases  of  bella- 
donna and  yohimbe,  but  not  with  nux  vomica  or  coca.  The  color 
with  nux  vomica  was  very  red.  Colohicimi,  though  the  bulk  of  the 
alkaloid  had  been  previously  taken  out  of  acid  solution  by  chloroform, 
gave  a  residue  which  showed  a  faint  purple  tint,  and  cinchona  a  pale 
piuplish  pink. 

In  the  case  of  sulphurio-acid  bichromate  reaction  the  petroleum 
ether  residues  from  nux  vomica,  gelsemiiun,  and  yohimbe  gave  a 
piuple  color.  The  chloroform  residues  from  the  same  drugs  and  from 
hydrastis  acted  similarly.  Colocynth  yielded  a  substance  wliich 
developed  a  pinkish  piuple  on  standing,  but  it  did  not  resemble  the 
usual  strychnin  test.  The  reaction  in  the  case  of  colocynth  was  ob- 
tained with  a  sample  which  had  previously  been  shaken  three  times 
with  chloroform  in  acid  solution.  The  extract  from  sanguinaria  gave 
a  pale  purple  color  visible  in  thin  layers.  The  residue  obtained  from 
opiiun  gave  a  slight  purple  color  most  prominent  in  thin  layers.    No 
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similar  reactions  were  obtained  with  any  of  the  other  drugs  men- 
tioned. 

These  facts  are,  as  previously  stated,  especially  important  when 
only  small  quantities  of  material  are  available,  and  further  complicar 
tions  arise  when  mixtures  are  und^  examination.  The  similarity 
of  the  colors  given  by  the  coca  and  belladonna  alkaloids  is  of  special 
interest  inasmuch  as  they  are  often  foimd  together.  However,  if 
cocain  is  present  it  wiU  be  at  once  apparent  by  the  characteristic 
odor  of  ethyj  b^nzoate,  which  is  given  off  on  the  addition  of  the  alco- 
holic pQta^,  akd,  furthermore,  the  physiological  effect  on  the  tongue, 
together  with  the  microscopic  examination  of  its  well-known  salts, 
wiU  substantiate  its  identity.  The  mydriatic  effect  of  atropin  can 
not  be  relied  upon  as  an  absolute  proof  of  its  presence  in  a  mixture  of 
this  kind,  because  cocain  has  mydriatic  properties,  but  atropin  is 
much  less  soluble  in  petrolexmi  ether  than  is  cocain,  and  while  two  or 
three  shakings  with  the  solvent  will  usually  remove  the  cocain  and 
leave  nothing  in  the  coca  extract  giving  Vitali's  test  to  go  into  the 
chloroform  solution,  most  of  the  atropin  will  be  left  in  solution  and 
when  removed  by  the  chloroform  may  be  identified  by  this  reaction, 
by  its  characteristic  naicroscopic  salts,  and  by  other  tests.  It  should 
be  remarked  that  the  purple  color  was  obtained  only  when  working 
with  coca  extract.  The  alkaloids  cocain  and  tropacocain  purchased 
on  the  market  did  not  respond  to  this  reaction,  and  in  fact  a  very  pure 
petroleum  ether  residue  was  foimd  to  give  but  a  slight  purple  color. 

In  the  case  of  nux  vomica  and  belladonna  the  difference  in  the 
physiological  properties  of  the  alkaloids  taken  in  conjunction  with 
their  characteristic  microscopic  salts  would  be  sufiGlcient  to  remove 
any  doubt  as  to  whether  one  or  both  of  these  drugs  were  present.  In 
this  connection  it  is  of  interest  to  note  that  pure  strychnin  was 
found  to  give  the  Yitali  reaction  the  same  as  the  extract  from  nux 
vomica. 

If  a  mixture  of  coca,  belladonna,  and  nux  vomica  is  suspected,  the 
identification  of  the  atropin  presents  greater  difficulties;  or  if  one 
finds  both  cocain  and  strychnin  in  a  product,  it  is  not  always  an  easy 
matter  to  state  absolutely  whether  atropin  is  or  is  not  present. 
Careful  examination  of  the  microscopic  appearance  of  the  precipi- 
tates given  with  the  different  alkaloidal  reagents  is  necessary,  together 
with  further  substantiation  by  the  physiological  action  of  the  chloro- 
form residue  on  the  pupil  of  the  eye,  after  it  has  been  fully  estab- 
lished that  the  cocain  has  previously  been  removed  by  petroleum 
ether. 

When  experimenting  with  a  mixture  of  this  description  the  atropin 
may  be  separated  by  obtaining  a  concentrated  solution  of  the  alka- 
loids in  dilute  sulphuric  acid  and  precipitating  the  strychnin  and 
cocain  by  platinic  chlorid.    Atropin  is  not  thrown  down,  and  by 
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filtering,  adding  ammonium  hydroxid  to  the  filtrate,  and  again 
filtering,  the  alkaloid  may  be  obtained  in  a  very  pure  condition,  by 
shaking  out  with  chloroform. 

The  writer  was  unable  to  confirm  the  reactions  obtained  by  Beck- 
mann  with  the  alkaloids  of  veratrum  veride. 

The  similarity  in  the  reactions  of  yohimbin  and  strychnin  are  of 
interest,  as  the  drug  containing  the  former  alkaloid  has  of  late  been 
exploited  as  a  remedial  agent  for  the  same  purposes  for  which 
stiychnin  has  been  used.  It  has  been  claimed  to  possess  aphrodisiac 
properties,  and  might  well  be  suspected  in  mixtures  advertised  for 
tonics  and  the  like.  When  working  with  small  quantities  the  two 
reactions  of  yohimbin  were  so  much  like  those  given  by  strychnin 
that  one  could  not  draw  any  conclusion  as  to  which  alkaloid  was 
present.  In  the  case  of  the  oxidation  reaction  the  play  of  colors  was 
different,  however,  pure  yohimbin  giving  first  a  purple,  then  a  red- 
dish shade  changing  to  olive  green,  and  if  a  large  quantity  was  preisent 
the  color  was  indigo  blue,  which  soon  changed  to  olive  green.  The 
reaction  with  ammonium  vanadate  was  so  nearly  identical  with  that 
given  by  stiychnin  that  no  distinction  could  be  drawn  with  any 
safety.  With  nitric  acid  and  alcohoUc  potash  a  purple  color  appeared 
at  once  changing  to  a  reddish  shade,  and  with  large  quantities  the 
purple  changed  to  a  chocolate  which  bec&me  black  on  warming. 

Yohimbin  forms  very  few  salts  which  have  any  characteristic  form 
under  the  microscope,  while  those  given  by  strychnin  are  well  defined 
and  can  be  distinguished  readily.  Furthermore,  yohimbin  does  not 
act  the  same  as  strychnin  physiologically,  neither  does  it  possess  the 
mydriatic  properties  of  the  belladonna  alkaloids.  It  does  not  resem- 
ble the  coca  alkaloids  further  than  by  giving  the  purple  color  with  alco- 
holic potash,  for  on  evaporation  of  the  solvent  it  is  left  as  a  solid 
mass,  while  the  coca  bases  remain  in  a  semUiquid  condition  for  some 
time.  It  is  further  distinguished  from  cocain  by  not  giving  the  ethyl 
benzoate  test  nor  the  characteristic  crystalline  picrate. 

There  is  little  danger  of  confusing  strychnin  with  the  principle 
of  colocynth  which  gives  the  purple  color  with  sulphuric  acid  and 
bichromate.  With  regard  to  the  alkaloids  of  hydrastis,  gelsemium, 
and  sanguinaria,  none  of  these  give  the  Vitali  reaction,  and  there  are  a 
niunber  of  well-defined  reactions  for  these  substances  which  have 
been  fully  described.  (With  ammonium  vanadate  berberin  gives  a 
red  soon  changing  to  plum  color,  and  gelsemium  a  magenta  changing 
to  blue  green.)  In  connection  with  the  alkaloids  of  gelsemium,  it 
might  be  noted  that  a  mixture  of  the  same  with  strychnin  would,  as 
far  as  the  tests  in  question  are  concerned,  give  practically  the  same 
reaction  as  a  mixture  of  atropin  and  strychnin,  and  as  gelsemium  has 
the  property  of  dilating  the  pupil  of  the  eye  the  physiological  tests 
would  not  serve  as  final  proof.     Recourse  must  be  had  again  to  other 
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distinctive  reactions  of  gelsemium  and  to  the  appearance  of  the  pre- 
cipitates under  the  microscope.  These  facts  are  of  importance  because 
combinations  of  belladonna  and  nux  vomica  and  of  gelsemium  and 
nux  vomica  are  on  the  market. 

The  purple  test  given  by  the  opium  alkaloids  could  hardly  be 
mistaken  for  that  given  by  strychnin^  as  the  color  19  very  lasting  in  the 
former,  case.  Some  of  the  free  alkaloids  obtained  from  opium  were 
treated  with  sulphuric  acid  and  bichromate,  and  it  was  f  oimd  that 
narcein  and  papaverin  gave  a  purple  color,  while  no  similar  reaction 
was  obtained  with  thebain,  narcotin,  codein,  or  morphin. 
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THS  SEPAKAnOS  AVD  IDEVTXSICATIOS  Of  SMAlX  QUANTI- 
TIES OF  cocAnr. 

By  H.  C.  Fuller. 

It  is  well  known  that  the  separation  and  positive  identification  of 
cocain  is  very  difficult  even  when  it  is  present  in  large  quantities, 
and  when  there  is  only  a  small  amount  present  the  separation  is 
often  claimed  to  be  practically  impossible.  The  work  here  recorded, 
however,  demonstrates  that  these  claims  are  unfounded. 

Contrary  to  the  statements  appearing  from  time  to  time  in  the 
literature  of  the  subject,  cocain  has  no  characteristic  color  reactions 
on  which  any  reliance  may  be  placed,  and  if  the  amount  present  is 
sufficient  to  respond  to  certain  reactions  which  have  been  described 
it  could  be  more  positively  identified  by  its  melting  point  and  by 
other  well-known  properties;  with  a  small  quantity  the  color  reac- 
tions are  not  given  and  in  the  presence  of  other  alkaloids  the  tests 
would  have  little  or  no  significance. 

This  paper  deals  entirely  with  the  separation  of  small  quantities 
of  cocain,  and  the  procedures  described  have  been  evolved  after 
considerable  experimentation  with  various  methods  recommended 
in  the  literature  for  the  separation  of  alkaloids  and  with  others  as  yet 
unpublished.  The  writer  has  been  called  upon  to  examine  a  nmnber 
of  medicinal  products  and  medicated  beverages  supposed  to  contain 
cocain,  and  especially  in  the  latter  the  amount  of  alkaloidal  substance 
has  been  comparatively  small.  It  has  been  interesting  to  note  that 
many  chemists  have  reported  that  no  cocain  was  found  in  some  of 
these  products,  even  after  claiming  to  have  made  a  careful  exaqiina- 
tion  of  the  same,  while  subsequent  testing  proved  beyond  a  doubt 
that  marked  quantities  were  present.  It  was  clearly  evident  that 
these  workers  were  not  acquainted  with  the  procedure  for  effecting  a 
proper  separation. 

Cocain  and  the  other  alkaloids  of  the  coca  leaf  are  readily  hydro- 
lyzed  on  heating;  consequently  it  is  advisable  to  keep  the  solutions 
at  room  temperature  during  the  manipulation,  and  if  it  is  necessary 
to  heat  at  any  stage  of  the  process  the  solutions  or  residues  should 
be  cooled  again  as  soon  as  possible.  If  the  substance  under  examina- 
tion is  a  solid  it  should  be  dissolved  in  water,  if  possible,  or  in  normal 
sulphuric  acid :  if  it  contains  much  drug  material  and  is  not  readily 
dissolved  in  water  an  extraction  with  alcohol  containing  a  small 
quantity  ol  ammonium  hydroxid  should  be  resorted  to,  water  added 
to  the  mixture,  and  the  bulk  of  the  alcohol  subsequently  evaporated. 
Liquid  products,  such  as  sirups,  need  no  preliminary  treatment 
unless  they  are  very  thick  or  in  the  form  of  emulsion;  in  the  former 
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case  they  snould  be  diluted  to  about  the  consistency  of  a  50  per  cent 
sugar  solution,  and  in  the  latter  some  method  which  will  separate, 
the  gum  and  fatty  material  must  be  adopted. 

Having  obtained  a  clear  solution  of  the  substance  in  question  the 
procedure  is  as  follows: 

Transfer  the  Bolution  to  a  separator  and  add  a  slight  excess  of  ammonium  hydroxid. 
(If  the  product  was  originally  alkaline  it  is  best  to  acidify  it  and  then  add  a  slight 
excess  of  ammonia.  If  a  precipitate  is  formed  it  should  be  separated  by  filtration 
and  the  filtrate  used  for  analysis.)  Shake  out  the  solution  with  50  cc  of  Prolius  mix- 
ture (ether  4  parts,  chloroform  1  part,  and  alcohol  I  part),  and  allow  to  stand;  then 
collect  the  clear  solvent  in  another  separator  and  shake  out  the  aqueous  solution  twice 
more  with  the  Prolius  mixture.  Filter  the  combined  solvent  solutions  through  a 
creased  paper  into  a  beaker  and  evaporate  the  liquid  over  a  steam  bath,  using  a  fsji. 
Do  not  allow  the  residue  to  dry,  but  as  soon  as  the  last  potions  of  alcohol  are  driven 
off  remove  the  beaker  from  the  steam.  Add  25  cc  of  normal  sulphuric  acid  in  10  cc 
portions,  warm  the  mixture  slightly  and  then  filter  into  a  separator  after  each  portion 
of  the  dilute  acid  is  added,  and  finally  wash  with  a  little  water.  Then  shake  out  the 
solution  five  times  with  15  cc  portions  of  chloroform,  preserving  the  chloroformic 
extracts  in  another  separator.  Wash  the  latter  with  10  cc  of  distilled  water,  discard 
the  chloroform,  and  add  the  wash  water  to  the  acid  liquid  which  was  shaken  out  with 
the  chloroform.  Then  add  10  cc  of  petroleum  ether  (boiling  at  40^-60°  C.)  and 
thoroughly  shake  the  separator,  separate  the  acid  liquid,  and  discard  the  solvent. 
Add  a  slight  excess  of  ammonium  hydroxid,  cool  the  mixture,  and  then  shake  out  the 
solution  with  15  cc  of  petroleum  ether  of  the  boiling  point  before  specified  and  reserve 
the  solvent  solution  in  another  separator.  Shake  twice  again  with  the  same  quantity 
of  solvent,  then  wash  the  combined  petroleum  ether  eoluticms  once  with  distilled 
water  and  filter  into  a  small  beaker,  washing  the  separator  and  filter  with  10  cc  of 
petroleum  ether.  Evaporate  the  petroleum  ether  rapidly  over  a  steam  bath,  using  a 
fan,  and  if  cocain  was  present  in  the  origmal  material  it  will  be  found  in  the  residue. 

By  this  method  it  is  possible  to  obtain  the  cocain  in  a  very  pure 
condition;  in  fact,  it  will  often  crystallize  in  a  few  hours  even  though 
the  amount  present  be  very  small.  The  identification  tests  are 
conducted  as  follows: 

Dissolve  the  residue  in  petroleum  ether  and  pour  portions  of  the  solvent  into  a  beaker 
and  a  small  evaporating  dish,  reserving  the  remainder  for  subsequent  tests.  After 
the  solvent  has  evaporated  dissolve  the  contents  of  the  beaker  in  5  cc  of  normal  sul- 
phuric acid,  warming  if  necessary,  and  add  potassium  mercuric  iodid  test  solution. 

The  formation  of  a  precipitate  indicates  the  presence  of  an  alkaloid, 
but,  of  course,  does  not  identify  it  as  cocain;  if  no  precipitate  occurs 
further  tests  are  unnecessary. 

To  identify  the  alkaloid  treat  the  contents  of  the  evaporating  dish  with  2  cc  of 
concentrated  nitric  acid  and  evaporate  the  mixture  to  dryness  over  the  steam  bath. 
When  there  is  no  further  odor  of  nitric  acid  remove  the  dish,  cool,  and  add  5  to  10 
drops  of  fifth-normal  alcoholic  potash  solution,  noting  carefully  the  color  and  odor 
of  the  mixture  while  the  dish  is  cool  and  then  applying  gentle  heat  and  noting  the 
odor  again. 

Minute  traces  of  cocain  will  give  off  the  odor  of  ethyl  benzoate  on 
treatment  with  nitric  acid  and  alcoholic  potash.     The  odor  is  very 
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marked  in  its  character  and  can  be  readily  distinguished,  though 
until  one  is  familiar  with  it  a  parallel  test  should  always  be  run, 
using  pure  cocain. 

The  color  reaction  is  also  of  interest  and  will  prove  valuable  in 
detecting  the  presence  of  other  alkaloids.  A  purple  color  would 
indicate  that  atropin,  strychnin,  or  yohimbin  were  present,  though 
it  is  well  known  that  a  residue  obtained  by  the  above  method  from 
the  coca  leaf  will  in  some  instances  also  give  a  purple  color.  Tropa- 
cocain,  benzoylecgonin,  and  aconitin  will  also  give  the  ethyl  benzoate 
test,  but  the  possibility  of  the  presence  of  the  first  two  can  be  elimi- 
nated by  a  subsequent  microscopic  test,  and  from  the  fact  that  the 
benzoylecgonin  is  not  removed  from  the  aqueous  solution  to  any 
great  extent  by  petroleum  ether.  The  latter  fact  is  also  true  of 
aconitin,  but  the  presence  of  this  very  poisonous  alkaloid  would  be 
readily  apparent  when  performing  the  physiological  test. 

The  portion  of  the  material  which  had  been  reserved  should  be 
tested  physiologically.  The  petroleum  ether  is  evaporated,  a  part 
of  the  cool  residue  is  placed  on  the  tongue  and  rubbed  gently  with  the 
finger  for  about  one  minute,  when,  if  cocain  is  present,  a  sensation  of 
numbness  gradually  develops,  the  tongue  and  often  the  lips  which 
have  been  touched  by  the  finger  will  have  a  smooth,  ivory-like  feeling, 
and  the  effect  will  be  apparent  for  some  time.  This  is  another  test 
which  should  be  performed  in  conjunction  with  one  on  a  known 
sample,  unless  the  analyst  is  perfectly  familiar  with  the  sensation. 

This  residue  may  also  be  used  for  a  microscopic  test  by  removing 
a  small  portion,  placing  it  on  a  microscope  slide  and  noting,  imder 
the  lens,  the  character  of  the  crystals  found  with  a  drop  or  two  of 
gold  chlorid  solution.  Cocain  forms  a  definite  crystalline  compound 
with  gold  chlorid,  and  the  product  obtained  should  be  compared  with 
that  given  by  a  solution  of  the  pure  alkaloid. 

With  a  residue  obtained  originally  as  described,  these  tests  will 
substantiate  the  presence  of  cocain  even  though  it  occur  in  a  minute 
quantity,  and  the  four  reactions  can  be  applied  to  very  small  residues, 
although  if  it  is  desired  the  first  mentioned  with  potassium-mercuric 
iodid  may  be  omitted. 

Another  reaction  for  cocain  which  is  very  characteristic  when  con- 
sidered in  conjimction  with  the  ethyl  benzoate  test  is  obtained  by 
transferring  some  of  the  residue  to  a  pressure  flask,  adding  a  few 
crystals  of  salicylic  acid  and  about  15  cc  of  dilute  hydrochloric  acid, 
and  heating  the  flask,  stoppered,  for  about  an  hour  and  a  half  over  the 
steam  bath.  On  opening  the  flask  the  odor  of  wintergreen  will  be 
very  marked  if  cocain  was  originally  present.  Tropacocain  does  not 
respond  to  this  reaction,  though  it  might  indicate  the  presence  of 
cinnamyl  cocain  and  the  truxillins;  all  of  the  latter,  however,  are  pre- 
cluded if  the  mixture  gives  the  ethyl  benzoate  test. 
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By  B.  Hbrstein. 

The  quantitative  estimation  of  molybdenum  and  its  compounds 
offers  a  number  of  difficulties.  Of  the  titrimetric  methods  proposed  for 
this  purpose  those  based  on  the  reduction  with  zinc  and  subsequent 
titration  with  permanganate  solution  ^  give  persistently,  though  not 
consistently,  too  low  results,  while  those  based  on  iodometric  methods^ 
require  great  familiarity  with  the  subject,  scrupulous  observations 
of  empirical  limitations,  the  concurrence  of  many  favorable  condi- 
tions, and  the  exclusion  of  all  chance  combinations  which  might 
interfere  with  the  correctness  of  the  results,  which  even  then  are  not 
uniform.  Of  the  gravimetric  methods  known,  some  are  untrust- 
worthy, as,  for  instance,  precipitation  as  lead  molybdate,  while 
others  require  several  repetitions  of  the  operations  to  insure  constant 
results.  If  a  series  of  determinations  is  to  be  made,  one  must  neces- 
sarily familiarize  himself  with  the  best  conditions  essential  for  the 
greatest  degree  of  accuracy  possible,  but  where  molybdenum,  or  its 
compounds,  is  to  be  detennined  only  occasionally,  as  is  the  case  in 
most  laboratories,  a  method  is  needed  which,  with  ordinary  skill  and 
precaution,  will  give  accurate  results. 

The  method  described  in  this  paper  is  believed  to  meet  this  need. 
It  involves  the  precipitation  of  molybdenum  by  means  of  thioacetic 
acid  in  a  strongly  acid  solution,  and  the  transformation  of  the  pre- 
cipitate so  obtained  into  molybdic  trioxid  by  mere  ignition  and  weigh- 
ing as  such.  Thioacetic  acid  under  these  conditions  precipitates 
molybdenum  quantitatively  and  within  a  short  time,  while  hydrogen 
sulphid  and  similar  reagents,  as  is  well  known,  precipitate  only  par- 
tially and  require  several  repetitions  to  complete  the  reaction.  The 
precipitate  formed  by  the  thioacetic  acid  does  not  seem  to  be  merely 
a  combination  of  molybdenum  with  sulphur,  as  one  would  at  first 
suppose,  but  apparently  contains  thioacetic  acid  within  the  molecule, 
since  on  ignition  of  the  purified  precipitate  the  penetrating  odor  of 
this  acid  is  strong  and  unmistakable.  The  precipitate  also  seems  to 
be  less  dense  than  the  sidphid  ordinarily  obtained  which  greatiy  facili- 
tates its  transformation  into  molybdic  acid  when  ignited. 

Euler  and  Friedheim  ^  in  1895  recommended  that  the  molybdenum 
sulphid  be  transformed  into  molybdic  trioxid  and  weighed  as  such. 
They,  however,  used  paper  fiilters  which  were  incompletely  ignited, 
and  to  separate  the  charred  particles  it  was  necessary  to  dissolve  the 

a  v.  cL  Pfordten.  Ber.  cL  chem.  Oes.,  1882, 16:  1027. 

b  Euler  and  Friedlieim.    Ber.  d.  chem.  Oes.,  1805  (2),  28:  2061;  Oooch  and  Fairbanks.    Amer.  J.  Set, 
1806  (4)  2:  166;  and  Oooch  and  Pulman.    lOOl  (4),  12:  440. 
«Loo.cit. 
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molybdenum  compound  with  ammonium  hydrozid,  evaporate^  and 
ignite  again  in  order  to  obtain  the  molybdic  trioxid  in  a  pure  condition. 
By  using  a  Gooch  crucible  these  complications  and  potential  sources 
of  error  are  eliminated.    The  procedure  is  as  follows : 

The  solution  containing  not  more  than  0.5  gram  (preferably  between  0.2  and  0.3 
gram  of  molybdic  trioxid)  is  placed  in  a  presBure  flask  or  a  thick-walled  Erlenmeyer 
flafik  of  about  200  cc  capacity  and  acidified  with  5  cc  of  concentrated  hydrochloric 
acid.  A  freshly  prepared  aqueous  solution  oi  thioacetic  acid  containing  0.75  cc  of 
the  pure  acid  for  each  0.1  gram  of  molybdenum  trioxid  is  then  added,  the  flask  securely 
stoppered,  the  mixture  digested  on  a  water  bath  for  from  forty  to  sixty  minutes,<»  then 
cooled  somewhat,  filtered  through  a  tared  Gooch  crucible  covered  with  asbestos,  and 
thoroughly  washed  with  water  containing  about  2  per  cent  of  hydrochloric  acid.  The 
use  of  too  strong  a  vacuum  is  to  be  avoided.  The  particles  which  have  crept  up  the 
sides  of  the  crucible  are  washed  down  with  a  little  alcohol,  which  at  the  same  time 
replaces  the  water  and  i^ilitates  the  drying.  The  precipitate  is  dried  at  about  120^ 
C.  in  the  crucible,  which  is  then  set  to  half  its  depth  in  a  close-fitting  hole  in  a  stout 
asbestos  boaid  and  heated  over  a  bunsen  flame.  The  crucible  is  covered  in  such  a 
way  as  to  permit  a  little  air  to  enter.  The  flame  of  the  burner  is  to  be  kept  very  low 
at  first  until  the  thioacetic  and  sulphurous  acids  have  disappeared,  then  it  is  gradually 
increased  imtil  the  submerged  part  of  the  crucible  shows  dull  redness  and  the  heating  is 
discontinued  when  the  originally  brown  precipitate  has  aseumed  the  yellow  or  slightly 
grayish  color  of  molybdenum  trioxid.  The  crucible  is  weighed  after  cooling  in  a 
desiccator.    As  a  precaution  the  crucible  may  be  reheated  and  reweighed. 

Molybdic  trioxid,  as  is  well  known,  volatilizes  in  the  open  air  at  a 
bright  red  heat,  but  no  loss  need  be  apprehended  if  the  directions 
given  are  followed.  The  protruding  part  of  the  crucible  under  these 
conditions  remains  sufficiently  cool  to  condense  any  molybdic  trioxid 
which  might  be  vaporized.  For  the  purpose  of  hasteniug  the  oxida- 
tion the  cover  may  be  removed  after  the  volatile  gases  have  ceased  to 
come  off,  but  it  has  been  found  that  by  allowing  the  oxidation  to  take 
its  natural  course  a  more  uniform  product  is  obtained. 

The  following  figures,  obtained  on  ammonium  molybdate  whose 
composition  was  carefully  determined  in  various  ways,  show  the 
availability  of  the  method  which,  though  not  very  rapid  (requiring 
from  3  to  4  hours  for  a  determination)  has  the  advantage  of  giving 
reliable  results: 

Determinations  of  molybdic  trioxid  in  known  samples  by  proposed  method. 


Amount 
present. 

Amount 
foond. 

Diflerenoe. 

Amount 
present. 

Amount 
found. 

Dlflennoe. 

Oram. 
0.06166 
.2089 
.2030 
.2039 
.2090 

Oram. 

0.0815 
.2040 
.2038 
.2043 
.2038 

Oram, 
-0.00006 
+  .0001 

-  .0001 
+  .0004 

-  .0001 

Gram. 

a  2039 
.4078 
.4078 
.4078 

Gram. 

ba2006 
.4072 
.4063 
.4082 

Ctram. 
-a  0034 

-  .0006 

-  .0016 
+  .0004 

a  Tbloaoetic  add  dissolyes  in  water  to  the  extent  of  about  6  per  cent,  but  such  a  sohition  deteriorates  very 
rapidly  and  after  standing  about  one  week  is  worthless.  It  is,  therefore,  necessary  to  work  with  a  freshly 
prepared  solution  only. 

b  Owing  to  insufficient  drying  and  the  premature  removal  of  the  crodble  cover  some  loss  by  decrepitation 
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On  account  of  the  cost  and  rather  unpleasant  odor  of  thioacetic 
acid  experiments  were  made  substituting  sodium  thiosulphatefor  it, 
but  although  as  much  as  5  grams  of  the  latter  were  used  for  0.2  gram 
of  molybdic  trioxid  and  the  heating  under  pressure  was  considerably 
prolonged  the  results  were  disappointing,  the  weight  obtained  in  two 
instances  being  0.0815  and  0.0977  gram  instead  of  0.2039  gram. 
Somewhat  better,  though  by  no  means  accurate,  results  were  ob- 
tained when  yellow  ammonium  sulphid  was  employed. 
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A  METHOD  FOE  TESTING  AMKOlTiniC  SAlTS. 

By  B.  Hebstein. 

YThile  titrating  acid  solutions  containing  both  formaldehyde  and 
ammonium  salts  serious  discrepancies  in  the  results  were  noticed,  and 
in  1909  an  extended  investigation  of  the  phenomena  was  begun.  It 
was  soon  found  that  formaldehyde  acts  upon  anmionium  salts  in  the 
same  way  as  it  does  upon  ammonium  hydroxid,  namely,  by  forming 
hexamethylentetramin.  It  was  also  found  that  in  the  presence  of  a  suf- 
ficient quantity  of  formaldehyde  the  ammonium  ion  is  Uberated  from 
the  acid  with  which  it  has  been  combined,  and  the  latter  thus  becomes 
titratable  with  a  standard  solution  of  sodium  or  potassium  hydroxid, 
using  phenolphthalein  as  indicator. 

In  a  paper  entitled,  "Trennimg  von  Amin-  und  Saiwef  unction  in 
Losungen  von  Aminsamren  mittelst  Formaldehyd,''  Schiff  <*  reported 
the  same  reaction  and  later  based  thereon  a  method  for  determining 
formaldehyde.^  He  also  stated  that  this  reaction  may  be  utilized  in- 
versely, that  is,  for  determining  anmionium  salts  by  means  of  formalde- 
hyde, but  no  details  are  given.  A.  Ronchdse  ^  studied  this  reaction  more 
carefully  and  reconmlends  it  as  a  method  for  determining  ammonia. 
He  uses,  however,  an  imnecessanly  large  excess  of  formaldehyde 
which  tends  seriously  to  impair  the  results.  In  view  of  the  fact  that 
ammonium  salts  play  a  very  important  part  in  every  chemical  labora- 
tory, an  easy  method  for  their  quantitative  determination  is  very 
desirable.  The  best  method  hitherto  available  was  to  add  an  excess 
of  standard  fixed  alkali,  heat  until  all  the  ammonia  is  expelled,  and  then 
titrate  back  the  excess  of  alkali  used  by  means  of  a  standardized  acid 
solution.  This  method  has  disadvantages,  chief  among  which  is  the 
time  required  to  drive  off  all  ammonia.  The  following  method 
requires  a  minimum  amount  of  time  and  yet  gives  satisfactory  results: 

A  weighed  quantity,  about  1  gram,  of  any  ammonium  salt  is  dis- 
,  solved  in  approximately  50  cc  of  water,  3  or  4  cc  of  a  perfectly  neutral 
40  per  cent  solution  of  formaldehyde,  and  a  few  drops  of  phenolphtha- 
lein are  added,  and  titrated  with  a  standard  solution  of  a  fixed  alkali 
until  the  pink  color  remains  permanent  after  the  solution  has  been 
brought  to  boiling.  The  previous  neutralization  of  formaldehyde  is 
necessary,  because  it  almost  invariably  contains  some  formic  acid 

a  Lieblg's  Annalen  der  chemie,  1001 :  tl9 :  70.  <  J.  chim.  pharm.,  1007  (6)  26  :  611. 

»Cbem.  Ztg.,  1003,87  (1) :  13 
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formed  by  spontaneous  oxidation;  of  the  many  indicators  tried 
phenolphthalein  alone  gave  satisfactory  results. 

It  can  readily  be  seen  that  inasmuch  as  the  formaldehyde  eliminates 
the  ammonium  ion  as  a  factor  so  far  as  the  titration  is  concerned,  the 
result  obtained  will  always  express  the  total  acid  present,  either  free 
or  combined  with  ammonia.  In  the  absence  of  organic  acids  an 
additional  titration  without  formaldehyde,  using  methyl  orange  as 
indicator,  will  show  whether,  and  to  what  extent,  either  the  acid  or 
the  ammonia  is  in  excess. 

It  is  hardly  necessary  to  point  out  that  this  method  is  applicable 
not  only  to  relatively  pure  ammonium  salts,  but  also  to  many  mixtures 
containing  such,  provided  they  do  not  contain  salts  of  metals  precip- 
itable  by  alkaline  hydroxids.  The  method  was  tested  on  the  follow- 
ing ammonium  salts  with  satisfactory  results:  Ammonium  chlorid, 
bromid,  iodid,  fluorid,  sulphate,  acetate,  oxalate,  citrate,  thiocyanate, 
and  molybdate. 

The  method  was  also  tested  by  using  known  quantities  of  standard- 
ized acids,  hydrochloric,  sulphuric,  nitric,  and  oxalic,  neutralizing 
these  either  partly  or  completely,  with  an  excess  of  ammonium  hy- 
droxid  and  then  titrating  as  previously  described  in  the  presence  of 
sufficient  formaldehyde  and  a  few  drops  of  phenolphthalein  with 
standard  sodium  hydroxid. 

In  the  well-founded  opinion  of  Schiff,  formaldehyde  in  reacting 
upon  ammonium  salts  forms  hexamethylentetramin  according  to  the 
following  equation : 

4NH,Cl-h6CH,0  =  4HCl-hN(CH,N+CH,)3-f  6  H,0 

During  the  reaction,  especially  in  the  case  of  weaker  acids,  much 
heat  is  evolved,  and  the  avidity  of  the  formaldehyde  for  the  ammonium 
ion  is  so  great  that  an  aqueous  solution  of  ammonium  acetate,  for 
instance  (which  ordinarily  on  heating  gives  off  considerable  ammonia) 
on  boiling  with  formaldehyde  in  excess  loses  nearly  all  of  its  acetic 
acid,  hexamethylentetramin  remaining. 
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GEABAGTEB  OF  SAXPIES  OF  BEESWAX  SUBMITTED  WITH 

BIDS. 

By  L.  F.  ExBLBB  and  F.  M.  Botx«B8 
INTBODtTOnON. 

On  account  of  the  great  variation  in  price,  the  uncertainty  as  to 
the  quality  of  the  samples,  and  the  fact  that  if  an  award  was  made  on 
an  adulterated  sample  it  would  constitute  the  basis  of  purchase 
for  a  year,  the  departmental  general  supply  committee  referred  26 
samples  of  beeswax,  submitted  with  bids,  to  the  Bureau  of  Chemistry 
for  examination.  The  results  given  in  the  accompanying  table 
clearly  show  that  the  price  is  not  a  reliable  index  as  to  quality.  In 
fact,  the  sample  of  white  beeswax  for  which  the  highest  price  was 
asked,  namely,  60  cents  a  poimd,  was  adulterated,  not  only  v/ith 
paraffin  but  with  stearic  acid  as  well.  The  prices  quoted  for  yellow 
beeswax  varied  over  100  per  cent,  from  18  to  38  cents  per  pound, , 
and  for  white  beeswax  the  range  is  still  greater,  namely,  24  to  60 
cents,  yet  some  of  the  high-priced  as  well  as  some  of  the  low-priced 
products  were  adulterated.  Of  the  26  samples  examined,  53.8  per  cent 
were  adulterated.  The  more  common  adulterants  were  paraffin  and 
ceresin;  artificial  coloring  was  detected  in  only  one  case.  The  exami- 
nations were  made  by  the  following  methods: 

METHODS  OF  ANALYSIS. 

Specific  gravity. — Drop  the  melted  wax  by  means  of  a  stining  rod  onto  a  moist, 
cool,  smooth  porcelain  sur&ce  in  such  manner  as  to  obtain  globules  about  one-eighth 
of  an  inch  in  diameter;  allow  to  cool  for  from  2  to  24  hours,  then  place  in  a  suitable  glass 
cylinder  of  about  200  cc  capacity  and  add  a  cooled  mixture  of  alcohol  and  water 
having  about  the  specific  gravity  of  beeswax.  If  the  globules  sink,  add  water;  if  they 
rise  to  the  surfaice,  add  alcohol.  The  water  or  alcohol  is  added  with  repeated  agitation 
until  the  globules  float  indifferently  in  the  mixture  at  the  desired  temperature. 
The  spedfic  gravity  of  the  mixture  is  taken  at  this  point  with  a  pyknometer. 

Melting  temperature, — ^Thinly  coat  the  bulb  of  a  thennometer  with  wax  and  allow 
it  to  stand  24  houis.  Place  the  bulb  of  the  thermometer  in  a  large  test  tube,  holding  it 
in  place  by  a  stopper  grooved  on  the  sides  so  as  to  allow  free  access  of  air.  Immerse 
the  test  tube  containing  the  thermometer  in  a  beaker  of  water  and  raise  the  tempera- 
ture very  gradually  (1  degree  in  from  two  to  three  minutes).  The  temperature  at 
which  a  transparent  drop  focms  on  the  end  of  the  thermometer  bulb  is  taken  as  the 
melting  point. 

Acid^  ether,  and  Maponifioation  numbers, — Place  5  grams  of  the  wax  in  a  200  cc  Erlen- 
meyer  flask  with  about  25  cc  neutral  alcohol  and  heat  on  the  water  bath  until  the 
mixture  is  entirely  melted.  Then  add  1  cc  of  phenolphthalein  solution  and  titrate 
the  free  add  quickly  with  seminormal  alcoholic  potash.    Add  50  cc  m<Hre  of  the 
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Beminonnal  alcoholic  potash  and  heat  the  mixture  for  at  least  three  hours  over  a  direct 
flame  with  a  reflux  condenser.  The  excess  of  potassium  hydroxid  is  determined  with 
seminormal  hydrochloric  acid.    A  blank  with  the  alcoholic  potash  should  be  run. 

Stearic  acid. — Boil  1  gram  of  the  wax  for  several  minutes  with  15  cc  of  80  per  cent 
alcohol,  allow  to  cool  to  between  18^  and  20^  C,  filter  into  a  200  cc  cylinder,  and  dilute 
filtrate  with  water  to  about  200  cc.  If  stearic  acid  is  present,  it  separates  into  flakes 
and  collects  at  the  surface.  The  test  is  sensitive  to  1  per  cent.  If  from  7  to  8  per  cent 
are  present,  a  thick,  creamy  mixture  results. 

Resin. — ^Method  I:  Keep  at  the  boiling  point  for  about  one  minute  a  mixture  of  5 
grams  of  the  wax  and  20  to  25  cc  of  nitric  acid  (specific  gravity,  1.32  to  1.33),  dilute  with 
an  equal  volume  of  water  and  render  slightly  alkaline  with  ammonium  hydroxid. 
The  solution  decanted  from  the  separated  wax  in  the  absence  of  reein  is  of  a  yellowish 
color,  while  its  presence  produces  a  more  or  less  intense  reddish-brown  coloration. 

Method  II:  Heat  1  gram  of  wax  for  a  few  minutes  with  25  cc  of  50  per  cent  alcohol, 
(alcohol  of  this  strength  will  not  extract  stearic  acid  if  present);  cool  and  filter;  evapo- 
rate the  filtrate  to  dryness  on  a  water  bath  and  add  5  cc  acetic  anhydrid.  Heat  to 
boiling,  cool,  and  then  carefully  allow  sulphuric  add  (specific  gravity,  1.53),  to  flow 
into  the  solution.  The  presence  of  the  minutest  quantity  of  resin  will  develop  a  fine 
violet  (fugitive)  color. 

Detection  and  estimation  of  paraffin. — ^The  following  method  is  the  only  one  by  which 
paraffin  can  be  detected  with  certainty:  Melt  from  2  to  5  grams  of  the  wax  in  a  porce- 
lain dish,  then  add  an  equal  weight  of  finely  powdered  potassium  hydroxid,  continue 
heating  for  a  few  moments  with  thorough  stirring.  Cool  and  powder  the  hard  mass, 
and  mix  the  resulting  powder  with  three  times  as  much  potash  lime  as  wax  used, 
then  introduce  this  mixture  into  a  thick-walled  tube,  immerse  in  an  oil  bath,  and 
heat  to  about  250^  C.  for  from  three  to  four  hours.  After  cooling,  finally  powder  the 
tube  with  its  contents,  place  the  mass  in  a  Soxhlet  apparatus,  and  extract  with  petro- 
leum ether  for  several  hours.  The  petroleum  ether  is  evaporated  and  the  residue 
dried  at  110^  C.  and  weig^ied.  By  this  treatment  the  esters  are  converted  into 
alcohols,  and  these  alcohols  on  heating  with  potash  lime  are  in  turn  converted  into 
their  respective  adds,  while  the  hydrocarbons  present  are  not  affected  and  are 
extracted  with  petroleum  ether.  Pure  beeswax  contains  naturally  from  12.5  to  14 
per  cent  of  hydrocarbons,  and  any  adulteration  with  paraffin  or  allied  bodies  will 
increase  this  percentage. 

The  Henriques^  cold  saponijicatian  me^Aod.— This  method  was 
found  very  satisfactory.  The  wax  is  dissolved  in  high-boiling-point 
(100°  to  160°  C.)  petroleum  ether,  alcoholic  potassium  hydroxid  is 
added  in  excess,  and  the  whole,  after  being  warmed  on  the  water 
bath,  is  allowed  to  stand  twenty-four  hours,  when  the  excess  of 
potassium  hydroxid  is  titrated  with  seminormal  hydrochloric  acid, 
phenolphthalein  being  used  as  indicator. 

The  methods  of  the  United  States  Pharmacopoeia  for  testing  bees- 
wax are  on  the  whole  imsatisf actoiy.  The  carbonization  of  wax  with 
sulphuric  acid  for  detecting  paraffin  is  imwieldy,  disagreeable,  and 
imreliable.  Small  amounts  of  paraffin  can  not  be  detected  with  any 
degree  of  certainty  by  this  method.  Again,  the  method  for  saponi- 
fying beeswax  by  heating  on  the  water  bath  for  one-half  hour  with 
alcoholic  potassium  hydroxid  is  imcertain. 

aZts.  angew.  Chem.,  1805,  Sit  721 ;  (Abst.)  Analyst,  1806,  91 1  102. 
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In  the  following  table  are  given  the  results  of  the  tests  made  to 
determine  the  quality  of  the  samples  of  beeswax,  together  with  the 
prices  quoted  for  the  same: 

Results  of  the  examination  of  £6  samples  of  commercial  beeswax  submitted  with  bids. 


1.... 

35.67 

63.0 

a9588 

2a  40 

60.40 

80.80 

3.40 

Absent. 

2.... 

34.75 

63.5 

.9562 

18.94 

72,74 

91.68 

3.84 

Do. 

3.... 

35.00 

56.0 

.9237 

7.09 

26.98 

34.07 

3.80 

Paraffin, 

4.... 

33.25 

63.0 

.9623 

2a  40 

71,46 

91.86 

3.50 

Absent, 

5...- 

31.50 

58.0 

.9198 

5.55 

20.90 

26.45 

3.76 

Paraffin  and  artificial  color. 

6.... 

saoo 

55.0 

.9286 

28.21 

iai6 

46.37 

.64 

Paraffin  and  stearic  acid. 

7.... 

32.00 

7ao 

.9832 

34.20 

86.44 

120.64 

2.52 

Resin, 

8.... 

25.00 

57.0 

.9284 

7.25 

31.60 

38.85 

4.03 

Paraffin. 

9.... 

l&OO 

54.0 

.9127 

3.38 

39.30 

^68 

11.60 

Do. 

10.... 

34.24 

63.0 

.9564 

17.65 

73.18 

9a83 

4.14 

Absent. 

11.... 

34.24 

63.0 

.9599 

1&21 

74.91 

93.12 

4.11 

Do, 

12..-. 

43.00 

66.5 

.9389 

ia47 

4430 

54.77 

4.23 

Ceresin. 

13.... 

21.00 

56.0 

.9144 

4.83 

15.71 

19.54 

3.24 

Paraffin, 

14.... 

34.24 

63.0 

.9595 

17,65 

73.60 

91.25 

4.16 

Absent. 

16..,. 

34.20 

63.0 

.9529 

18.53 

76.53 

95.06 

4.13 

Do. 

16.... 

32.00 

63.5 

.9609 

1&37 

73.30 

91.67 

3.99 

Do. 

17.... 

34.50 

62.5 

.9529 

17.33 

73.30 

9a  63 

4.22 

Do. 

18.... 

2&00 

52.5 

.9126 

3.62 

11.42 

15.04 

3.15 

Paraffin. 

19.... 

38.00 

64.0 

.9483 

.  12.48 

62.04 

74.52 

4.97 

Ceresin. 

20.... 

24.00 

52.5 

.9132 

4.03 

12.43 

16.46 

3.06 

Paraffin. 

21.... 

45.00 

62.5 

.9583 

18.00 

72.74 

9a  74 

4.04 

Absent. 

White: 

22.... 

45.00 

63.0 

.9608 

17.83 

74.52 

92,35 

4.17 

Do. 

23.... 

4&00 

62.0 

.9526 

15.44 

61.40 

76,84 

3.98 

Ceresin. 

24.... 

6a  00 

55.0 

.9295 

55.22 

11.42 

66.64 

.21 

Paraffin  and  stearic  acid. 

25.... 

24.00 

56.0 

.9124 

4.43 

12.43 

16.86 

2.80 

Paraffin. 

26.... 

46.00 

63.0 

.9632 

2a  90 

73.02 

93.92 

3.49 

Absent. 
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LEHER  OF  TRANSMITTAL 


U.  S.  Department  op  Agriculture, 

Bureau  of  Chemistry, 
Washingtony  D.  (7.,  December  tf,  1911. 

Sir:  I  have  the  honor  to  submit  for  your  approval  a  bulletin  on 
the  canning  of  foods,  prepared  by  A.  W.  Bitting,  food  technologist 
of  this  bureq,u,  who  has  conducted  quite  extensive  investigations  along 
these  lines,  boih  in  the  field  and  in  the  laboratory.  The  preserving 
of  foods  by  heftt  in  sealed  containers  has  become  a  most  important 
industry,  not  only  from  a  commercial  standpoint,  but  also  from  that 
of  ^ood  living.  The  principles  involved  in  the  work  are  not  par- 
ticularly new,  but  some  of  them  are  not  generally  understood.  Many 
of  those  engaged  in  the  work  of  canning  follow  certain  steps  accord- 
ing to  a  prescribed  formula  rather  than  from  a  knowledge  of  why 
they  are  necessary.  The  consumer  often  accepts  the  contents  of  a 
can  in  lieu  of  the  fresh  article  as  a  matter  of  necessity  but  with 
misgiving  as  to  its  wholesomeness. 

The  object  of  this  bulletin  is  to  give,  in  a  rather  popular  form, 
a  description  of  the  conditions  in  the  better  type  of  factories  and 
the  methods  followed,  so  as  to  indicate  to  manufacturers  what  is 
expected  in  a  modern  plant;  to  give  to  teachers  of  domestic  science 
more  nearly  accurate  information  upon  this  line  of  work  than  is  now 
available;  and  to  inform  the  consumer  what  goes  into  a  can  and 
what  he  may  reasonably  expect.  The  description  is  general  and  there 
are  many  variations  due  to  local  conditions  which  it  is  not  possible 
to  detail.  Some  of  the  trade  practices  are  not  wholly  approved  by 
this  bureau  and  their  presentation  here  does  not  mean  an  indorse- 
ment. There  are  changes  going  on,  particularly  with  regard  to 
grading  and  labeling,  which  in  time  will  make  it  possible  for  the 
purchaser  to  know  just  what  he  is  buying.  The  purely  technical 
investigations  on  the  composition  of  the  products,  the  physical  and 
chemical  changes  which  they  undergo  in  canning,  the  effect  of  the 
container  upon  the  food,  the  bacteriology  of  spoilage,  etc.,  have  been 
withheld  for  future  consideration. 

I  recommend  the  publication  of  this  manuscript  as  Bulletin  No. 
151  of  the  Bureau  of  Chemistry. 

Respectfully,  R.  E.  Doouttle, 

Acting  Chief. 

Hon.  James  Wilson, 

Secretary  of  Agriculture. 
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THE  CANNING  OF  FOODS. 

A  DESCRIPTION  OF  THE  METHODS  FOLLOWED  IN  COMMERCIAL  CANNING. 


HISTORICAIi  NOTB. 

Canning  is  the  art  of  preserving  a  food  product  in  a  hermetically 
sealed  container,  the  preservation  being  accomplished  through  ster- 
ilization by  means  of  heat.  In  its  highest  sense  the  object  is  to  retain 
the  food  in  as  nearly  a  fresh  condition  as  possible  as  to  appearance, 
palatability,  and  nutritive  quality  or  in  the  condition  in  which  it  is 
usually  consumed.  It  affords  the  means  of  having  wholesome  suc- 
culent vegetables  or  other  products  at  all  times  and  in  places  where 
otherwise  the  cost  or  the  labor  of  preparation  would  be  prohibitive. 
The  art  was  evidently  of  slow  development  and  the  result  of  various 
dissociated  experiments.  The  real  foundation  was  laid  by  Spallan- 
zani,  who  in  1765  made-  experiments  which  disproved  the  then  popu- 
lar theory  of  spontaneous  generation.  These  consisted  in  placing 
various  nutritive  liquids  in  tubes,  sealing  them,  and  then  boiling  in  a 
water  bath  for  an  hour.  He  showed  that  the  liquids  remained 
imchanged  as  long  as  the  seal  was  unbroken  and  free  from  external 
air.  He  therefore  concluded  that  the  "  eggs  "  which  cause  spoilage 
are  somehow  carried  in  the  air.  This  was  canning  on  a  very  small 
scale.  The  experiments  also  demonstrated  that  there  was  a  difference 
in  the  effect  of  moi^t  and  of  dry  heat;  that  whereas  life  was  de- 
stroyed by  water  at  a  temperature  of  45*^  C.,  in  the  dry  state  80*^  C. 
was  necessary. 

The  first  practical  application  of  this  discovery  was  made  by 
Scheele,  a  Swedish  chemist  and  apothecary,  who  preserved  vinegar 
by  boiling  it  in  jars  or  bottles  and  sealing  it  at  once.  This  was  in 
1782,  and  at  that  time  the  keeping  of  good  vinegar  for  extracts  and 
other  pharmaceutical  processes  was  of  much  greater  importance  than 
can  be  realized  now.  There  is  no  record,  however,  that  Scheele 
carried  his  work  further  than  the  preservation  of  the  pharmaceutical 
product 

In  1795  Nicholas  Appert,  a  Frenchman  of  exceptional  training  in 
experimental  work  and  of  large  practical  experience  in  confection- 
eries, kitchens,  breweries,  and  distilleries,  began  work  on  food  preser- 
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8  THE  CANNING   OF  FOODS. 

vation.  His  work  was  stimulated  by  offers  of  reward  on  the  part  of 
the  Government  for  better  methods  of  preparing  foods  for  the  army 
and  navy.  According  to  Appert's  own  story  he  was  unsuccessful 
until  1804.  At  that  time  he  learned  the  secret  of  preserving  by  heat 
in  a  sealed  container,  then  continued  his  experiments  until  1810,  when 
he  published  his  methods  in  detail.  According  to  the  records  he 
succeeded  with  many  products  and  produced  results  which  it  would 
be  difficult  to  improve  upon  at  this  time.  The  essential  points  in  the 
method  described  by  him  are  that  the  food  to  be  preserved  is  placed 
in  glass  bottles  with  water  and  corked  carefully,  after  which  the 
bottle  is  placed  in  a  water  bath  and  heated  for  a  period  dependent 
upon  the  nature  of  the  food  used.  At  the  end  of  the  heating  period 
the  bottles  are  removed  from  the  bath  and  cooled.  By  this  method 
the  temperature  attained  was  from  190°  to  200°  F.,  the  maximimi 
being  212°  F.  He  says,  "  I  chose  glass  as  the  matter  most  impen- 
etrable by  air  and  have  not  ventured  to  experiment  with  vessels  of 
any  pther  substance."  Appert's  publication  won  for  him  the  prize 
of  12,000  francs  offered  by  the  French  Government  and  general  recog- 
nition as  the  founder  of  the  art  of  canning. 

In  1807  a  Mr.  Saddington  presented  a  paper  before  the  English 
Society  of  Arts,  entitled  "A  method  of  preserving  fruits  without 
sugar  for  house  or  sea  stores."  Mr.  Saddington  did  not  claim  the 
discovery  of  the  method,  and  being  a  traveler  it  is  supposed  that  he 
learned  the  general  facts  abroad,  though  he  may  have  made  some 
modifications.  His  method  was  essentially  as  follows :  The  fruit  was 
placed  in  bottles  and  loosely  corked.  The  bottles  were  placed  in 
cold  water  up  to  the  neck,  heat  applied  gradually  until  75°  C.  was 
reached,  and  then  kept  at  that  temperature  for  an  hour.  After  this, 
the  bottles  were  filled  with  boiling  water,  corked  lightly,  and  laid 
on  their  sides  to  swell  the  cork.    Later  the  corks  were  cemented. 

Peter  Durand,  early  recognizing  the  possibilities  of  preserved  foods, 
took  out  an  English  patent  in  1810,  covering  both  the  preserving  of 
"  animal,  vegetable,  and  other  perishable  foods,"  and  also  the  con- 
tainer, covering  "  vessels  made  of  glass,  pottery,  tin,  or  any  metal,  or 
fit  materials."  The  essential  feature  of  the  preservation  was  that  the 
food  be  heated  and  hermetically  sealed  in  the  container.  This  is  the 
first  record  of  using  the  tin  can  as  a  container ;  therefore  its  invention 
is  attributed  to  Mr.  Durand.  It  is  known,  however,  that  even  pre- 
vious to  1800  the  Dutch  put  up  fish  in  tin,  though  their  methods  were 
not  those  now  generally  recognized  for  canning.  The  fish,  on  being 
caught,  were  dressed  at  once,  boiled  for  a  short  time  in  salt  brine,  and 
smoked  for  two  days,  after  which  they  were  put  in  the  cans,  covered 
with  hot  butter  or  olive  oil,  and  sealed.  The  tin  can  was  practically 
coincident  with  the  art  of  canning. 


Digitized  by 


Google 


HISTORICAL  NOTE.  9 

The  first  improvement  in  the  tin  can,  adapting  it  especially  to 
canning  purposes,  was  made  in  1823  by  Pierre  Antoine  Angilbert,  a 
Frenchman.  His  improvement  amsisted  in  first  putting  the  fruit  and 
water  in  the  can  and  covering  it  with  a  lid  having  a  hole  in  it.  The 
cans  were  set  in  a  water  bath  and  boiled  for  some  time,  after  which 
the  hole  was  closed  with  a  drop  of  solder.  The  first  patent  on  a  tin 
can  to  be  issued  in  this  country  was  in  favor  of  Mr.  Thomas  Kensett 
in  1825. 

All  the  early  tin  cans  were  made  by  what  was  known  as  the  plumb 
joint;  that  is,  the  edges  along  the  sides  were  butted  together  and 
soldered,  as  were  also  the  two  ends.  The  entire  work  was  done  with  a 
pair  of  scissors  and  a  soldering  iron.  Only  a  few  cans  could  be  made 
in  a  day,  100  being  considered  a  very  large  number  for  one  workman. 
It  was  not  until  1847  that  Mr.  Allen  Taylor  invented  the  stamped 
can  with  the  extension  edges.  In  1849  the  pressed  top  was  added  as 
an  improvement. 

From  the  beginning,  bottles  were  too  costly  and  broke  too  easily  to 
be  used  for  the  cheaper  articles  of  food.  The  earthenware  jars  were 
heavy  and  not  sufficiently  well  glazed.  The  tin  can  lent  itself  to  com- 
mercial purposes  best,  but  it  was  expensive  and  the  evolution  of  its 
manufacture  was  slow.  At  present  it  is  manufactured  by  automatic 
machinery  at  low  cost  and  in  enormous  quantities. 

At  first  the  temperature  employed  in  canning  was  from  190*^  to 
212®  F.,  but  this  was  found  to  be  insufficient  for  many  products.  A 
higher  temperature  was  secured  by  adding  salt  to  the  water  in  the 
6ath,  and  later  this  was  gradually  supplanted  by  calcium  chlorid. 
With  the  latter  it  was  possible  to  secure  a  temperature  of  240*^  F., 
thus  shortening  the  period  of  cooking  and  also  making  it  possible 
to  process  some  products  which  could  not  be  sterilized  by  boiling 
alone.  It  was  not  until  1874  that  Mr.  A.  R.  Shriver,  of  Baltimore, 
invented  the  closed-process  kettle  for  cooking  with  superheated 
water.  About  the  same  time,  Mr.  John  Fisher,  of  the  same  city, 
patented  a  kettle  in  which  live  steam  could  be  used.  These  same 
methods,  boiling  in  water  in  the  open,  in  a  bath  of  calcium  chlorid 
(now  being  superseded  by  oil),  in  superheated  water,  and  with  steam 
in  closed  kettles,  are  still  in  common  use,  the  only  difference  being  in 
certain  modifications  for  doing  the  work  easily.  The  most  recent 
addition  to  the  equipment  for  heating  is  an  agitator,  which  has  the 
effect  of  stirring  the  contents  inside  the  cans  so  that  all  parts  are 
heated  uniformly  and  rapidly,  and  is  advantageous  for  certain 
products. 

Shortly  after  Appert's  method  had  been  published  and  the  tin 
can  found  to  be  suitable  as  a  container,  small  canneries  were  estab- 
lished in  Aberdeen,  Scotland,  in  Sligo,  Ireland,  and  in  European 
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fishing  ports.  In  1845  the  canning  of  sardines  was  begun  in  France; 
in  fact,  the  early  products  were  nearly  all  sea  foods. 

The  first  canner  in  this  country  was  Ezra  Daggett,  who  learned  the 
trade  abroad.  He  and  Thomas  Kensett  packed  a  few  salmon,  lob- 
sters, and  oysters  in  New  York  in  1819.  The  next  year  William 
Underwood  and  Charles  Mitchell  began  operations  and  a  factory 
was  opened  in  Baltimore.  In  1839  Isaac  Winslow  began  experiment- 
ing with  the  canning  of  com  in  Portland,  Me.  His  early  efforts  were 
mostly  failures,  but  he  had  a  persistence  worthy  of  any  cause,  and 
by  continuous  work  he  felt  warranted  in  1852  in  asking  for  a  patent. 
So  skeptical  was  the  Patent  Office  that  letters  were  not  granted  until 
1862.  In  1841  the  first  real  fish  cannery  was  established  at  East- 
port,  Me.,  the  product  being  lobsters  and  mackerel,  and  by  1860  there 
were  a  number  of  canneries  on  the  coast,  handling  both  fish  and 
vegetables.  The  first  cannery  in  the  Central  States  seems  to  have 
been  established  in  the  early  sixties  in  Cincinnati,  closely  followed 
by  one  at  Indianapolis.  Canning  was  begun  at  San  Francisco  in 
1856  and  in  the  Alaskan  waters  in  1878. 

The  Civil  War  gave  the  first  great  impetus  to  canning  in  this 
country.  That  event  showed  the  enormous  advantage  of  having 
canned  foods  and  emphasized  their  general  superiority  over  the  dried 
foods  in  palatability.  The  more  recent  extension  of  the  industry  has 
been  due  largely  to  a  better  knowledge  of  the  wholesome  character 
of  canned  products  and  the  economy  in  their  use. 

EABLY  THEOBIES  ON  PBESEBVATION  BY  CANKINQ. 

From  the  beginning  there  were  numerous  theories  explaining  the 
preservation  of  foods  by  canning.  The  first  was  that  of  the  exclu- 
sion of  outside  air.  This  theory  was  recognized  in  part  by  Appert 
in  his  description  of  the  preservative  process. 

It  is  obvious  that  this  new  method  of  preserving  animal  and  vegetable  sub- 
stances proceeds  from  the  simple  principle  of  applying  heat  in  a  due  degree  to 
the  several  substances,  after  having  deprived  them  as  much  as  possible  of  all 
contact  with  the  external  air.  It  might,  on  the  first  view  of  the  subject,  be 
thought  that  a  substance,  either  raw  or  previously  acted  upon  by  fire,  and 
afterwards  put  in  hot  bottles,  and  they  completely  corked,  [wouldl  be  preserved 
equally  well  with  the  application  of  heat  in  the  water  bath.  This  would  be 
in  error,  for  all  the  triiils  I  have  made  convince  me  that  the  absolute  privation 
of  the  external  air  (the  internal  air  being  rendered  of  no  effect  by  the  action  of 
the  heat)  and  the  application  of  heat  by  means  of  a  water  bath,  are  both 
indispensable  to  the  complete  preservation  of  alimentary  substances. 

Appert  did  not  know  what  was  in  the  air  to  cause  spoilage,  but  did 
recognize  that  it  was  the  external  and  not  the  internal  air.  At  this 
time  some  foods  and  wines  were  being  preserved  by  excluding  the 
air,  the  method  being  to  cover  the  surface  of  the  food  or  wine 
with  hot  oil.  The  experimenters,  following  Appert,  laid  special 
Atress  on  excluding  air,  and  when  tin  cans  were  first  used  care  was 
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taken  to  heat  the  contents  well  before  sealing;  later  the  cans  were 
heated,  then  vented,  and  again  heated.  Sometimes  a  second  venting 
was  given.  The  belief  was  general  that  every  trace  of  air  must  be 
removed.  This  theory  was  held  until  recently,  particularly  for  meat 
and  fish  products,  com,  and  others  difficult  to  process,  as  there  was 
no  recognition  of  the  more  resistive  varieties  of  bacteria  found  on 
some  substances.  The  theory  of  exclusion  of  air  has  had  followers  in 
the  practical  operaticms  up  to  the  present  time. 

The  next  theory  advanced  was  that  it  was  the  vacuum  which  pro- 
tected the  food  substances.  This  was  believed  by  the  workmen 
almost  from  the  beginning^  as  they  found  that  heating  and  then 
sealing  the  can  resulted  in  more  or  less  of  a  vacuum.  This  theory 
was  closely  associated  with  that  of  excluding  the  air,  and  those 
believing  in  it  developed  mechanical  methods  for  producing  the 
vacuum ;  these,  however,  are  not  of  as  much  practical  importance  in 
canning  as  expected.  The  cold  vacuum  is  usefid  in  preserving  meat 
and  fish  products  which  have  been  cured  by  salting,  drying,  or  smok- 
ing, for  fruits  which  have  been  partly  cured  by  drying,  sugaring, 
etc.,  and  for  jams,  jellies,  preserves,  etc.  The  vacuum  aids  in  pre- 
serving where  the  organisms  causing  spoilage  require  oxygen  for 
growth. 

In  factory  practice  more  or  less  of  a  vacuum  is  secured  by  passing 
the  cans  through  an  eidiaust  box  which  will  heat  them  to  180°  or 
more,  or  by  adding  hot  brine  or  sirup  before  the  can  is  sealed.  To 
some  products,  particularly  meat  and  fish,  heat  is  applied,  and  the 
can  vented  to  drive  out  the  air;  essentially  the  same  result  is  accom- 
plished in  home  canning  in  that  the  caps  are  not  tightened  until  the 
contents  are  thoroughly  heated.  A  recent  procedure  is  to  cap  the 
cans  and  seal  the  vent  in  a  strong  vacuum  chamber,  instead  of  heating 
and  later  venting.  The  tin  can  with  a  good  vacuum  always  shows 
the  ends  drawn  in  when  cooled.  Cans  packed  and  sealed  cold  will 
have  the  ends  flush  or  upon  becoming  warm  they  may  spring  out, 
producing  so-called  "  flippers  "  or  "  springers,"  and  while  not  spoiled, 
they  have  the  appearance  of  swells  and  may  not  be  merchantable. 
While  the  role  of  the  vacuum  as  an  aid  in  preserving  is  not  to  be 
underestimated,  it  has  not  the  importance  in  canning  that  was 
attributed  to  it. 

The  theory  of  the  arrest  of  chemical  activity  was  early  advanced 
as  being  effected  by  hermetic  closure.  The  French  Government  ap- 
pointed Gay-Lussac  to  investigate  the  cause  of  the  preservation  as 
introduced  by  Appert  Gay-Lussac  reported  that  decomposition 
was  a  series  of  oxidation  changes  in  a  substance,  and  that  driving  out 
the  air  and  preventing  its  ingress  prevented  these  changes  fnmi 
taking  place.  This  explanation  was  satisfactory  until  microorgan- 
isms were  discovered  and  their  relation  to  spoilage  proved. 


Digitized  by 


Google 


12  THE  CANNING  OP  FOODS, 

STEBILIZATrON. 

HISTORICAL  NOTE. 

The  present  status  of  our  knowledge  of  canning  is  based  on  the 
modern  science  of  bacteriology.  The  invention  of  the  compound 
microscope  and  its  many  improvements  has  revealed  the  presence 
of  minute  vegetable  organisms  in  the  air,  in  water,  and  on  everjrthing 
with  which  we  come  in  contact.  These  organisms  are  bacteria,  yeasts, 
and  molds,  and  are  present  either  in  their  vegetative  or  spore  state, 
being  the  "  eggs  "  which  Spallanzani  thought  were  in  the  air. 

Bacteria  and  germs  were  first  seen  in  1688  by  Leeuwenhoek,  who 
constructed  a  crude  compound  microscope.  He  knew  nothing  of 
their  character  nor  of  their  relation  to  higher  organisms,  but  as 
many  of  them  were  motile  he  regarded  them  as  animals,  and  from 
their  habitat  named  them  "  infusoria."  Almost  nothing  further  was 
discovered  until  1786^  when  O.  F,  Miiller  described  some  of  the 
structural  characters.  Another  lapse  occurred  until  1838,  when  Ehren- 
berg  pidblished  a  work  upon  the  so-called  infusoria,  in  which  he 
added  to  and  ^stematized  the  information  to  date,  some  of  his  names 
being  still  used.  Dujardin,  Perty,  Cohn,  and  Nageli  added  much  to 
the  knowledge  of  the  structure  and  life  habits  of  micro-organisms, 
but  none  of  these  associated  the  organisms  with  any  econcmiic 
problem. 

Pasteur,  about  1860,  was  the  first  to  discover  that  these  organisms 
were  the  cause  of  the  changes  known  as  fermentation ;  also  the  cause 
of  the  supposed  spontaneous  generation.  He  recognized  that  they 
had  a  definite  relationship  to  economic  activities  and  later  he  ap- 
plied the  knowledge  gained  in  the  laboratory  in  a  practical  way  to 
many  industries.  He  discovered  that  by  heating  certain  food  prod- 
ucts to  a  certain  degree  and  for  a  certain  period  the  time  of  keeping 
might  be  prolonged.  The  principle  had  a  practical  application  to 
many  substances  on  which  boiling  would  have  an  objectionable  effect 
and  is  taken  advantage  of  on  a  large  scale  in  wine  and  beer  making 
and  in  dairying.  He  found  further  that  by  heating  and  cooling  at 
intervals,  as  on  successive  days,  sterilization  might  be  accomplished ; 
also  that  the  organisms  on  different  substances  had  varying  resistant 
powers  to  heat  and  that  in  intermittent  heating  different  tempera- 
tures must  be  employed,  according  to  the  predominating  organism. 
All  of  the  fundamental  principles  that  Pasteur  discovered  have  an 
important  relation  to  canning. 

In  1876  Dr.  Robert  Koch  discovered  the  relation  of  specific  germs 
to  diseases,  and  a  few  years  later  elabcwrated  methods  for  separating 
germs  into  pure  cultures.  Since  that  time  progress  has  been  rapid 
and  the  relation  of  various  organisms  to  the  different  industries  has 
become  fully  established. 
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The  first  direct  application  of  bacteriological  methods  to  spoilage 
problems  in  canning  in  this  country  seems  to  have  been  made  by 
H.  L.  Bussell,  of  Wisconsin,  in  1895.^  He  investigated  the  cause  of 
swells  in  peas  and  found  it  to  be  due  to  bacteria  as  a  result  of  in- 
sufficient processing.  The  Wisconsin  packers  were  processing  the 
peas  at  230**  F.  for  from  10  to  11  minutes,  and  were  having  heavy 
losses.  He  advised,  as  a  result  of  his  experiments,  that  the  tempera- 
ture be  raised  to  242°  F.  and  maintained  for  15  minutes,  which  caused 
a  cessation  of  the  trouble. 

In  1896  Presoott  and  Underwood  •  began  the  study  of  swelled  and 
soured  com,  and  later  turned  their  attention  to  soured  peas.  Their 
first  results  were  published  in  1898.  In  that  year  they  gave  the  first 
of  a  series  of  addresses  before  the  National  Canners'  Association, 
which  had  a  most  marked  effect  in  establishing  canning  on  a  scientific 
basis.  They  identified  the  bacteria  causing  spoilage  in  corn  and  peas, 
determined  the  thermal  death  points,  the  degree  of  heat  attained  in 
the  center  of  cans,  and  the  time  required  to  attain  it. 

In  1897  the  Canadian  Government  caused  work  to  be  done  on 
spoilage  in  canned  lobster,  or  black  lobster,  as  it  was  called.  It  was 
determined  that  it  was  due  to  bacteria. 

In  1903  Harding  and  Nicholson,'  of  the  New  York  Experiment 
Station,  studied  the  swelling  of  peas;  they  gave  additional  descrip- 
tions of  the  organisms,  and,  as  a  result  of  their  experiments,  recom- 
mended that  the  process  be  changed  to  240**  F.  for  30  minutes. 

Since  1900  there  have  been  numerous  contributions  on  the  organ- 
isms causing  spoilage.  These  usually  deal  with  one  particular  prod- 
uct or  some  special  phase  of  bacterial  activity.  There  has  been  no 
systematic  effort  made  to  classify  the  organisms,  to  determine  their 
relation  to  different  products,  the  kind  of  spoilage  produced,  nor  the 
exact  methods  of  dealing,  with  each.  Several  large  packers  employ 
experts  to  work  out  their  own  problems,  but  hold  the  results  secret. 
It  is  evident  that  in  the  preparation  of  food  there  is  a  rich  field  for 
scientific  research,  with  great  possibilities  for  valuable  and  practical 
results. 

MODERN  METHODS  OF  STERILIZATION. 

Sterilization  may  be  accomplished  by  heat  below,  at,  or  above  the 
boiling  temperature,  depending  upon  the  length  of  time  the  heat  is 
applied  and  the  number  of  applications  made.  It  is  not  practicable 
to  sterilize  all  foods  in  the  same  way  because  of  injury  to  quality 
or  prohibitive  expense.  Sterilizing  below  the  boiling  point  is  feasible 
only  for  a  few  products,  principally  fruits,  and  then  is  advisable 

1  Wisconsin  Agr.  Exper.  Sta.  Report,  1895,  pp.  227-231. 

s  Technological  Quarterly,  1898,  pp.  6-11. 

*  New  York  Agr.  Exper.  Sta.,  Geneya,  1903,  Bui.  249. 
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only  when  it  is  desired  to  preserve  a  very  fine  appearance^  Thb 
may  be  accomplished  above  180*^  F.  by  maintaining  the  temperature 
for  a  longer  time  than  when  boiling,  or  by  repeating  the  operation 
on  two  or  more  successive  days.  The  object  is  to  prevent  breaking 
the  tissue  and  loss  of  juices  from  the  fruits  by  excessive  heat.  This 
method  of  sterilizaticm  has  been  applied  experimentally  and  in 
private  canning  with  gratifying  results,  but  it  involves  so  much  time 
and  labor  that  it  is  not  used  commercially  except  in  a  limited  way. 
Sufficient  work  has  not  been  done  to  say  definitely  what  products  can 
best  be  treated  in  this  way  nor  what  temperatures  are  best  suited  for 
different  foods.  It  has  been  used  chiefly  with  goods  in  glass,  though 
equally  satisfactory  results  are  obtained  with  foods  in  tin. 

Cooking  at  boiling  temperature  is  practiced  with  nearly  all  fruits, 
as  the  germs  present  are  easily  destroyed.  Most  of  the  fruits  are 
processed  for  from  12  to  25  minutes.  The  tomato  is  the  most  im- 
portant vegetable  processed  at  boiling  temperature,  which  is  usually 
maintained  for  50  minutes. 

Cooking  at  a  temperature  above  the  boiling  point  is  necessary  or 
advantageous  for  most  vegetables,  fish,  milk,  and  meats.  It  is  accom- 
plished in  retorts  where  steam  is  admitted  under  pressure,  in  retorts 
where  water  can  be  superheated,  on  the  open  calciimi  chlorid  or  oil 
bath. 

Among  the  vegetables  requiring  a  high  temperature  in  processing 
are  com.  peas,  beans,  both  green  and  dry,  pumpkin,  beets,  and  sweet 
potatoes.  Com  is  one  of  the  difficult  products  to  can,  requiring  a 
temperature  of  from  245°  to  250°  F.  for  from  75  to  80  minutes,  de- 
pending to  a  considerable  extent  upon  how  dry  it  is  packed.  If 
very  dry,  the  heat  will  penetrate  to  the  center  of  the  can  very  slowly, 
the  actual  time  required  to  raise  the  center  to  the  temperature  of  the 
bath  being  from  55  to  65  minutes.  In  a  can  of  peas  this  is  accom- 
plished in  6  or  7  minutes,  the  difference  being  due  to  the  fact  that 
heat  currents  are  set  up  in  the  liquid  portion  of  the  peas  while  they 
are  absent  in  the  corn.  The  necessity  for  a  high  temperature  is 
therefore  dependent  upon  the  ease  with  which  the  heat  can  penetrate 
the  product,  as  well  as  the  resistance  of  the  organisms.  Scwne  prod- 
ucts which  were  formerly  processed  by  boiling  for  a  long  time  are 
now  given  a  higher  temperature  for  a  few  minutes,  as  the  product 
has  a  much  better  appearance  when  it  is  not  overcooked. 

Meat  products,  as  a  rule,  contain  highly  resistant  organisms,  besides 
which  the  majority  of  these  foods  are  of  such  a  consistency  that  the 
heat  penetrates  them  very  slowly.  As  a  class  they  require  the  heav- 
iest process.  Milk  also  contains  very  resistive  germs,  but  being 
liquid  it  heats  rapidly;  in  order  to  keep  it  smooth  and  prevent  the 
portion  in  contact  with  the  tin  from  scorching,  (he  cans  are  turned 
or  agitated  almost  continuously  during  the  cooking. 
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STERILIZATION.  16 

DETERMINATION  OF  TEMPERATURE  AND  TIME  OF  PROCESSING. 

In  sterilizing,  the  heat  must  be  applied  equally  to  all  cans,  and  it 
is  therefore  necessary  to  deliver  steam  at  the  bottom  of  the  kettle, 
whether  open  or  in  a  retc«i),  to  insure  a  circulation  of  the  heat.  In 
retorts,  whether  steam  or  hot  water  is  used,  there  must  always  be  a 
yent  open  to  give  off  steam  in  order  to  hold  the  heat  uniform  at  all 
points.  The  thermometer  is  the  all-important  tester,  for  if  it  does 
not  show  the  proper  degree  of  temperature,  spoilage  will  follow.  To 
test  the  uniformity  of  temperature  in  a  retort,  self-registering  ther- 
mometers are  sealed  in  a  number  of  cans  when  placed  in  the  crates, 
the  cans  are  marked,  and  when  the  cooking  is  completed  the  ther- 
mometers are  examined  and  compared,  so  that  the  heat  may  be 
adjusted  until  all  give  like  readings.  In  a  similar  manner  the  time 
required  for  the  heat  to  reach  the  center  of  the  can  is  obtained,  experi- 
mental lots  being  run  for  varying  periods,  and  the  temperature  noted. 
The  calcium  chlorid  or  oil  bath  acts  in  the  same  way  as  the  open 
water  bath. 

The  writer  employs  two  methods  of  determining  the  temperature 
in  the  center  of  a  can  and  the  rate  of  penetration.  First,  a  ther- 
mometer is  placed  in  a  packing  joint  which  is  soldered  into  the  can 
so  that  the  bulb  will  just  reach  the  center.  By  placing  a  collar  an 
inch  above  the  gasket  the  can  may  be  submerged  in  oil  and  heat 
applied  until  a  certain  temperature  is  reached.  The  length  of  time 
necessary  for  the  thermometer  inside  the  can  to  reach  the  same  point 
as  that  on  the  outside,  or  within  from  2°  to  5°  of  it,  as  experience 
demonstrates  may  be  sufficient,  must  be  allowed  in  the  retort  and  the 
heating  then  continued  for  such  an  interval  as  may  be  found  neces- 
sary for  sterilization.  For  example,  if  the  spores  of  certain  organ- 
isms are  killed  at  230°  F.  in  12  minutes,  and  it  should  take  20  minutes 
to  cause  the  content  of  the  can  to  become  heated,  it  would  require  32 
minutes  as  a  minimum  for  processing,  and  as  a  margin  of  safety  the 
recommendation  would  be  for  a  longer  time,  probably  for  40  minutes. 

The  second  method  of  determining  temperature  in  different  parts 
of  the  retort  and  in  the  center  of  cans  is  to  seal  a  thermocouple  in  the 
can  and  connect  it  with  a  recording  apparatus.  Thus  a  time  and 
temperature  curve  is  obtained  directly.  One  of  the  important  pointa 
learned  from  the  latter  apparatus  was  the  effect  of  stirring  or  agitat- 
ing the  contents  of  cans  which  ordinarily  required  long  cooking.  X 
can  of  corn  in  a  retort  requiring  65  minutes  to  reach  245°  F.  requires, 
only  30  minutes  when  rolled  back  and  forth.  The  effect  of  the  agi- 
tation was  a  shorter  cooking,  a  brighter  color  of  the  corn,  and  a  bright 
can  on  the  inside.  The  principle  is  good,  but  some  mechanical  diffi-^ 
culties  in  successful  operation  have  yet  to  be  overcome. 
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16  THE  CANNING  OF  POODS. 

The  varying  temperatures  and  methods  used  in  canning  produce 
a  certain  amount  of  strain  on  the  cans.  These  strains  also  vary  with 
the  temperature  at  which  the  tipping  is  done.  The  contents  of 
a  can  expand  with  heat  and  contract  upon  cooling.  If  a  can  of  corn 
is  tipped  at  190°  and  placed  in  the  retort  to  process,  it  is  at  once 
subjected  to  an  external  pressure  of  from  10  to  13  pounds  per  square 
inch,  and  the  expansion  of  the  contents  will  increase  until  the  internal 
pressure  equals  or  slightly  exceeds  the  external,  or  it  rises  to  from 
12  to  14  pounds  per  square  inch.  During  a  part  of  the  cooking 
process  the  strains  become  equalized,  or  nearly  so,  but  when  the 
cooking  is  stopped  and  the  retort  is  thrown  open  there  will  be  an 
outward  strain  equal  tq  the  internal  expansion,  and  this  will  gradu- 
ally decrease  until  the  temperature  falls  to  that  at  which  the  tipping 
is  done.  When  the  temperature  drops  to  ordinary  room  temperature, 
instead  of  there  being  an  internal  pressure  it  is  from  without  and 
at  70°  will  amount  to  7  pounds.  This  accoimts  for  the  ends  of  the 
cans  being  drawn  in.  The  can  has  therefore  undergone  a  strain,  first 
of  pressure  from  without  on  being  placed  in  the  retort,  then  from 
expansion  from  within  when  the  retort  is  opened,  making  a  total 
strain  of  25  pounds  per  square  inch.  The  smaller  cans,  such  as  No. 
2  or  below,  are  not  much  affected  by  these  strains,  but  in  the  larger 
sizes  leaks  are  likely  to  occur.  The  more  suddenly  these  strains  are 
applied,  as  by  the  wide  opening  and  closing  of  the  steam  valve,  the 
greater  the  danger,  and  the  turning  on  of  a  large  volume  of  cold  water 
results  in  buckling.  This  principle  holds  good  for  all  products,  the 
variation  from  these  figures  depending  upon  the  temperature  used. 

MODEBN  FACTOBY  EQUIPMENT  AND  METHODS. 

SANITATION. 

A  modern  cannery  is  no  longer  the  rough,  crude  shed  that  once 
was  thought  to  be  sufficient  for  this  purpose.  First  of  all  the  loca- 
tion must  be  sanitary,  away  from  manufacturing  processes  which  of 
themselves  are  objectionable,  such  as  soap  making,  tanning,  render- 
ing fats,  etc.,  or  any  other  processes  which  may  give  rise  to  noxious 
odors  or  be  productive  of  organisms  of  decomposition.  The  yards 
and  drives  about  the  factory  should  be  cleaned  daily,  and  in  summer 
dust  should  be  prevented  by  frequent  sprinkling  or  by  the  application 
of  crude  or  specially  prepared  oil  to  the  drives.  The  application  of 
oil  is  especially  to  be  recommended  where  there  is  much  hauling 
and  there  is  no  pavement,  or  the  factory  is  to  be  run  for  a  short  season 
only,  as  in  the  case  of  tomatoes.  A  single  application  made  a  couple 
of  weeks  before  the  season  opens  will  suffice  for  several  weeks;  by 
putting  the  oil  on  early  it  will  become  incorporated  in  the  earth  and 
not  be  tracked  into  the  factory  to  any  great  extent    The  drainage 
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must  be  such  as  to  prevent  any  surface  overflow  from  adjoining 
property,  and  also  be  ample  to  keep  the  stock  in  good  condition  at 
all  times.  It  should  be  ample  to  care  for  the  waste,  as  this  is  some- 
time a  serious  problem.  If  the  natural  body  of  water  available  is 
not  sufficient,  settling  tanks  or  filters  may  be  necessary.  Fermenting 
material,  such  as  t(Mnato  trimmings  or  corn  refuse,  should  not  be 
tolerated  within  or  near  the  factory.  The  supply  of  water  should 
be  sufficient  for  all  purposes  and  of  good  quality ;  that  used  in  wash- 
ing, blanching,  and  brining  should  be  free  from  excessive  hardness 
or  iron,  otherwise  the  finished  products  may  be  damaged.  If  the 
water  for  this  purpose  is  not  naturally  of  the  right  quality,  artificial 
treatment  will  be  necessary.  The  water  used  for  washing  about  the 
factory  should  have  a  good  pressure  for  cleaning.  A  factory  with  a 
poor  location,  or  an  insufficient  or  poor  water  supply,  has  a  handicap 
which  is  difficult  to  overcome.  The  facilities  for  bringing  in  or 
sending  out  of  stock  should  be  ample,  so  that  materials  used  need  not 
be  delayed,  especially  when  it  may  mean  deterioration. 

The  buildings  should  be  designed  with  reference  to  the  special 
products  to  be  packed,  but  there  are  some  features  which  should  be 
common  to  all.  The  ceilings  of  all  rooms  should  be  high,  with  ample 
provision  for  light  and  ventilation.  The  light  should  come  from 
numerous  side  windows,  or,  if  the  rooms  are  large,  from  turrets,  or 
a  saw-tooth-roof  construction.  Either  of  these  two  arrangements 
can  be  made  to  give  a  flood  of  light  and  at  the  same  time  provide 
good  ventilation.  An  advantage  in  the  saw-tooth  construction  arises 
from  the  cooling  and  drying  effect.  "VVTien  the  straight  section,  or 
windows,  are  turned  toward  the  north,  the  sun  beating  upon  the 
southern  incline  will  heat  the  layer  of  air  underneath,  causing  it  to 
rise.  This  creates  a  circulation  within  the  room  which  tends  to  dry 
floors  and  tables  and  to  lower  the  temperature.  Tests  made  in  fac- 
tories so  constructed  have  shown  several  degrees  lower  temperature 
on  hot  days  than  was  recorded  in  factories  having  the  usual  form 
of  roof. 

One  of  the  marked  contrasts  between  the  newer  and  older  con- 
struction is  the  provision  for  plenty  of  light.  Light  has  a  beneficial 
effect  upon  employees,  contributes  to  cleanliness,  and  is  an  active, 
constant  disinfectant.  High  ceilings  and  proper  roof  construction 
usually  render  artificial  ventilation  unnecessary,  but  if  mechanical 
measures  are  employed  a  blower  system,  with  provision  for  cleaning 
the  air,  is  to  be  preferred  to  suction.  An  abundance  of  light  and  air 
is  a  combination  which  will  contribute  to  the  maximum  of  labor 
efficiency. 

A  tight)  hard  floor  is  a  necessity,  and  in  all  rooms  where  manu- 
facturing processes  are  conducted  it  should  be  pitched  about  1^  inches 
for  each  10  feet    The  pitching  should  have  special  reference  to  the 
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18  THE  CANNING  OF  FOODS. 

position  of  machines  and  tables  where  there  will  be  more  or  lesg 
water  or  waste,  so  that  this  may  be  confined  and  the  floors  be  flushed 
clean  and  kept  reasonably  dry  with  the  minimum  of  labor.  There 
should  be  frequent  trap  connections  with  the  sewer.  The  kind  of 
material  best  adapted  for  a  floor  will  depend  in  a  measure  upon 
whether  it  is  to  be  used  for  dry  work  and  storage  or  whether  water 
is  employed  more  or  less  freely.  Factories  having  a  short  packing 
season,  as  in  the  case  of  tomato  canning,  find  concrete  to  be  the  best. 
Wood  shrinks,  swells,  and  cracks  with  changes  of  moisture;  the 
cracks  are  hard  to  clean,  leakage  is  almost  certain  to  occur,  and  these 
conditions  become  aggravated  in  factories  which  are  idle  a  part  of 
the  time.  Wood  with  a  smooth  covering,  such  as  sheet  roofing,  makes 
a  good  floor,  but  will  not  last  long.  Concrete  is  more  or  less  porous, 
wears  rough,  and  is  not  an  ideal  floor,  but  is  the  best  for  certain 
conditions.  Asphalt  wears  away  and  crumbles  too  easily.  Upper 
floors  should  not  be  chosen  for  food  preparation  if  plenty  of  ground 
space  is  available,  for  the  reason  that  it  is  difficult  to  keep  them 
tight.  Furthermore,  the  work  can  be  supervised  to  better  advantage 
on  one  floor  than  on  many,  unless  the  departments  are  so  large  as  to 
demand  a  superintendent  in  each.  Conveyers  can  be  obtained  to 
handle  products  from  one  machine  to  another,  and  these  are  more 
easily  kept  clean  than  are  floors.  Conveyers  and  overhead  tracks 
should  be  used  in  handling  the  product  as  far  as  is  possible  in  prefer- 
ence to  trucks,  as  the  latter  are  destructive  of  floors  and  are  not  so 
clean. 

The  use  of  slat  gratings  to  cover  the  floor  about  the  kettles  or  other 
places  where  there  is  a  splashing  or  overflow  of  water  is  especially 
to  be  commended.  These  may  be  made  in  sections  about  2  by  4  feet, 
and  can  be  taken  up  for  cleaning.  There  is  no  excuse  for  floors  being 
so  wet  or  sloppy  that  the  workers  must  wear  rubbers,  which  is  some- 
times the  case.  All  side  walls,  partitions,  ceilings,  and  supports  should 
be  smooth,  to  admit  of  easy  cleaning.  Preferably  they  should  be 
light  colored  and,  as  far  as  possible,  of  such  material  as  can  be  washed 
with  a  hose,  as  this  is  the  easiest  method  of  cleaning  or  of  applying 
whitewash.  Some  factories  need  to  be  divided  by  partitions  to  pre- 
vent unnecessary  heating  by  steam  from  the  cookers.  In  other  cases 
the  room  where  the  material  ready  for  the  can  is  kept  should  be 
separated  from  the  rooms  in  which  the  preparation  is  going  on,  in 
order  to  protect  it  from  dust  That  part  of  the  factory  in  whidi 
prepared  material  is  in  any  way  exposed  should  be  screened  to  keep 
out  flies  and  dust.  The  latter  precaution  is  often  of  greater  impor- 
tance than  the  former,  for  during  the  working  period  the  moving  of 
machinery  and  escaping  steam  will  drive  away  insects. 

The  tables  used  in  the  preparation  of  foods  should  be  plain  and 
of  a  material  that  is  easily  cleaned.    There  should  be  no  sharp  angles 
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or  grooves  where  waste  can  accumulate,  nor  any  places  beneath  whero 
material  can  be  stored.  Hard  wood,  such  as  maple  or  ash,  is  prob- 
ably the  best  material  for  the  majority  of  factories.  These  woods 
will  absorb  little  water  or  juices,  they  show  soil  quickly,  and  clean 
easily  with  soap,  water,  and  scrubbing  brush.  Opal  glass  or  porcelain 
makes  excellent  table  tops  but  is  expensive.  Enamel-coated  metal 
has  come  into  use,  and  under  certain  conditions  gives  excellent  re- 
sults. The  important  point  is  that  the  tables  may  be  cleaned  easily, 
and  that  it  be  done  often.  The  machinery  used  should  be  of  the  most 
sanitary  type,  and  set  in  such  a  manner  as  to  be  accessible  from  all 
sides  for  cleaning.  Conveyers  for  fruits,  tomatoes,  and  all  other 
products  should  have  automatic  washers  and  brushes  in  their  course 
to  keep  them  clean.  The  amount  and  kind  of  equipment  varies 
greatly,  depending  upon  the  product.  Peas,  corn,  and  beans  require 
the  most,  fruits  the  least.  The  details  of  the  special  requirements 
will  be  considered  under  each  product.  Water  and  steam  pipes,  with 
hose  attachment,  should  be  conveniently  placed  about  the  factory  for 
cleaning  tables,  machines,  floors,  walls,  and  ceilings.  This  is  a  neces- 
sary part  of  a  modern  equipment. 

Provision  should  also  be  made  for  the  cleanliness  and  comfort  of 
the  employees.  Water  should  be  placed  at  convenient  places  that  the 
workers  may  wash  their  hands  often,  and  sanitary  drinking  fountains 
installed  to  take  the  place  of  the  common  cup.  A  factory  is  not 
complete  without  proper  toilet  and  clothes  rooms.  The  toilet  should 
have  facilities  for  washing  the  hands  with  soap  and  water  and  hand 
brushes  should  be  provided.  There  should  be  lockers  for  storing 
the  outer  clothes,  as  wearing  apparel  should  not  be  hung  about  the 
factory.  Providing  special  suits  and  a  manicurist  are  refinements 
which  are  found  at  some  factories  and  are  not  so  much  of  an 
extravagance  as  less  progressive  firms  would  argue.  For  factories 
running  continuously  and  employing  the  same  help,  there  is  no  ques- 
tion but  that  uniforms  are  advantageous.  For  such  operations  as 
picking,  peeling,  and  pitting  fruits,  etc.,  which  can  be  done  as  well 
sitting  as  standing,  stools  should  be  provided.  Standing  all  day  at 
tables  is  more  than  tiring,  it  is  exhausting  and  decreases  efficiency. 
This  is  clearly  evident  to  every  factory  inspector,  especially  after 
the  season  has  advanced.  The  stool  is  to  be  preferred  to  the  common 
bench,  so  that  the  individual  may  stand  or  sit  as  may  be  most  com 
fortable.  If  standing  in  one  place  over  cement  floors  is  necessary, 
wooden  springboards  should  be  provided  for  the  restful  effect  upon 
the  feet  The  various  States  provide  the  general  conditions  under 
which  labor  can  be  performed,  age  limit,  number  of  working  hours 
in  the  day  or  week,  physical  condition,  etc.  No  person  affected  with 
communicable  disease  should  be  employed  in  a  food  factory. 
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20  THE  CANNING  OP  FOODS. 

METHODS  AND  PROCESSES. 

The  steps  in  canning  will  vary  with  the  product,  but,  in  general, 
there  are  certain  processes  which  are  common  to  all  and  may  be 
described  in  this  outline,  as  receiving  the  product,  grading,  washing, 
preparing  for  the  can,  filling,  exhausting,  capping,  processing,  and 
cooling. 

Raw  Matebials. 

The  first  requisite  in  all  canning  is  that  the  product  be  delivered  in 
first-class  condition,  fresh  from  the  fields  or  orchard,  and  in  a  manner 
to  prevent  injury.  Fruits,  such  as  berries,  must  be  handled  in  boxes 
as  for  the  market,  tomatoes  in  shallow  crates,  com,  peas,  and  beans 
in  such  quantities  that  they  will  not  heat,  and  marine  products  cold 
or  chilled  and  in  compartments  to  avoid  bruising.  The  condition  of 
the  material  on  delivery  is  of  the  greatest  importance,  and  for  that 
reason  the  factory  should  be  located  near  the  point  of  production, 
or,  if  shipment  be  made,  the  distance  should  be  short  and  direct.  A 
cannery  which  depends  upon  long-distance  shipments  or  purchasing 
the  supplies  on  a  city  market  will  generally  be  found  to  put  out  an 
inferior  article.  In  any  delivery  the  seller  should  be  held  responsible 
for  the  condition  of  the  material ;  the  grower  has  no  more  right  to 
deliver  decayed  tomatoes  than  the  canner  has  to  use  and  ship  them. 
The  first  case  is  usually  a  violation  of  a  State  law  and  should  be 
dealt  with  accordingly;  the  second  may  be  reached  by  Federal 
statute  if  the  shipment  becomes  interstate. 

Gba^ing. 

The  second  step,  that  of  grading  or  sorting  for  quality,  is  one  of 
great  importance.  A  general  inspection  or  classification  of  all  prod- 
ucts is  made  by  the  foreman  at  the  time  of  receipt,  but  this  is 
insuflBcient.  The  real  grade  of  any  product  depends  upon  the 
quality  of  the  original  stock  rather  than  upon  the  sirup  or  brine 
added  or  any  subsequent  operation,  and  the  best  time  to  make  a  sepa- 
ration is  before  the  work  of  preparation  is  begun.  A  large  part  of 
the  sorting  can  be  done  better  by  a  few  especially  trained  helpers, 
although  some  of  it  may  be  continued  in  subsequent  operations.  The 
hard  and  faulty  ears  of  corn  can  be  picked  out  more  easily  while  it  is 
being  conveyed  to  the  silker  than  by  the  cutter  feeders.  These  men 
have  enough  to  do  to  keep  the  machines  busy  and  can  not  take  the  time 
to  sort  properly.  A  few  persons  can  pick  out  green,  defective,  and 
wrinkled  tomatoes  which  will  not  peel  economically  and  do  a  better 
job  before  the  fruit  reaches  the  scalder  than  can  be  done  by  the 
peelers.  The  same  principle  holds  true  for  peaches  and  many  other 
products.  Those  who  peel  or  fill  the  cans  should  have  the  minimum 
of  grading  to  do.    The  sorting  is  usually  done  upon  belts  or  special 
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table  tops  to  expedite  the  work.    Berries  are  picked,  stemmed,  and 
defects  picked  out,  when  graded,  to  save  handling. 

Washing. 

The  next  operation  is  generally  that  of  washing,  the  method  de- 
pending upon  the  material  canned.  In  general,  most  products  are 
placed  in  a  tank  of  water  to  loosen  adherent  dust  and  dirt,  are  gently 
rolled  over  by  the  agitation  of  the  water,  and  sprayed  as  they  emerge. 
The  spraying  is  the  important  step,  therefore,  it  is  desirable  that  the 
water  have  force  rather  than  a  large  volume.  A  small  spray  with 
force  will  cut  off  dirt  and  adherent  mold  very  successfully.  The 
principle  is  the  same  as  cleaning  a  floor  with  a  hose  having  a  nozzle, 
or  with  one  having  an  open  end ;  the  former  will  use  less  water  but 
will  clean  better.  Some  hard-coated  products,  as  peas,  are  washed 
in  revolving  wire  cylinders,  known  as  "  squirrel  cages."  Soft  fruit, 
such  as  raspberries,  require  very  gentle  washing,  and  if  the  fruit 
appears  clean  some  packers  object  to  washing  it  at  all,  claiming  that 
it  causes  injury  and  loss  of  flavor.  Whatever  method  is  used,  the 
cleaning  should  be  thorough. 

Preparation  and  Blanching. 

Many  of  the  fruits  need  no  special  preparation  other  than  cleaning 
and  sorting,  after  which  they  are  placed  directly  in  the  cans. 
Peaches,  apples,  pears,  etc.,  must  be  peeled  and  cut  into  pieces  of  the 
proper  size.  Nearly  all  vegetables  require  more  or  less  treatment; 
peas  are  shelled,  graded  for  size  and  quality,  and  washed  and 
blanched  by  automatic  machinery;  com  is  cut,  silked,  brined,  and 
cooked ;  beans  are  snipped  and  strung,  graded  for  size,  and  blanched ; 
asparagus  is  cut  into  lengths  and  blanched ;  sweet  potatoes  and  beets 
are  peeled  and  graded,  and  so  on.  The  operation  of  blanching  is  in 
reality  parboiling.  Vegetables  are  dropped  into  boiling  water  for 
from  one  to  five  minutes,  as  a  rule,  to  cause  softening,  and  at  the 
game  time  to  remove  some  of  the  mucous  substances  which  form 
upon  the  surface.  The  effect  produced  by  a  short  boiling  in  the  open 
as  compared  with  boiling  in  the  closed  can  is  surprising.  Peas  or 
beans,  which  are  a  little  aged  and  hard,  will  soften  quickly  in  the 
blanch  but  retain  their  condition  in  the  can.  In  almost  any  case  of 
very  cheap  peas  some  may  be  picked  out  which,  if  thrown  upon  a 
table  or  the  floor,  will  bounce  a  couple  of  feet  or  more.  This  is 
evidence  that  they  were  not  properly  blanched,  and  that  softening 
did  not  take  place  in  the  can.  The  operation  of  blanching  is  of  much 
importance  in  putting  up  good  vegetables.  It  is  not  a  matter  of 
whitening,  as  the  name  might  seem  to  indicate,  though  it  does  have 
the  effect  of  producing  a  much  clearer  liquor  than  would  otherwise 
be  present. 
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Washing  and  Filling  the  Cans. 

The  cans  should  be  washed  just  prior  to  being  used.  In  the  ship- 
ping and  storing,  more  or  less  dirt  and  dust  find  lodgment  on  the 
inside,  and  washing  is  the  only  method  of  removing  it.  The  quantity 
of  dirt  which  can  be  obtained  from  a  thousand  cans  is  usually  a  matter 
of  surprise.  The  work  is  done  very  effectively  at  the  present  time  by 
machines.  The  filling  may  be  done  by  hand  or  by  machine.  There 
are  many  products,  especially  fruits,  which  can  not  be  successfully 
filled  by  machine  because  of  crushing  or  otherwise  injuring  them. 
When  filled  by  hand  the  contents  should  be  regulated  by  weight 
rather  than  by  volume,  so  that  the  finished  product  will  be  uniform. 
If  the  filling  be  done  by  machine,  care  should  be  taken  to  get  the  best 
results  possible.  It  is  illogical  to  use  care  in  peeling  a  3-inch  tomato 
and  then  have  it  squeezed  through  a  2-inch  opening  in  front  of  a 
crude  plunger;  or  that  great  care  should  be  exercised  in  washing  and 
blanching  peas,  which  are  to  be  run  through  a  filler  that  will  cut  or 
crush  enough  to  make  a  muddy  liquor.  Machines  should  be  designed 
to  fill  with  reference  to  the  nature  of  the  product  and  not  to  be  merely 
"  can  stuffers."  Vast  improvements  have  been  made  in  filling  ma- 
chines in  the  past  few  years,  so  that  most  of  the  work  can  be  done 
with  nicety  and  precision.  All  filling  machines  operate  upon  the 
principle  of  delivering  a  certain  volume  rather  than  a  given  weight, 
and  for  most  products  this  method  is  very  satisfactory.  In  all  case^, 
whether  the  can  be  filled  by  weight  or  volume,  the  amount  of  ma- 
terial used  should  be  all  that  can  be  put  in  the  can  in  first-class  con- 
dition. Brining  and  siruping  have  also  been  improved,  the  old- 
fashioned  unsanitary  dip  box  giving  way  to  a  sanitary  filler. 

Exhausting. 

After  the  can  is  filled  the  next  step  is  exhausting.  This  is  best 
for  all  articles  packed  cold,  but  is  unnecessary  for  com,  peas,  or  prod- 
ucts which  enter  the  can  hot  or  are  covered  with  a  hot  sirup.  Ex- 
hausting consists  in  passing  the  filled  can  through  a  steam  box  and 
heating  the  contents  to  1(50°  F.  or  above,  the  preference  being  for 
180°.  The  time  required  for  exhausting  will  vary  from  one  to  three 
minutes. 

Capping  and  Testing  fob  Leaks. 

Open-top  cans  are  sealed  by  a  special  machine  known  as  a  double 
seamer.  The  lid  is  pressed  into  place  and  steel  rollers  crimp  it  on 
witliout  acid  or  solder.  This  action  is  automatic,  a  single  can  at  a 
time,  but  at  the  rate  of  30  per  minute,  or  1,800  per  hour.  Cans  with 
solder  tops  are  sealed  by  automatic  machinery,  12  at  a  time,  85  per 
minute,  or  5,000  per  hour.  The  top  is  wiped,  the  cap  placed  on,  acid 
applied,  the  hot  soldering  irons  drop  into  place,  and  the  vent  is  after- 
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wards  closed,  all  in  one  series  of  operations,  without  touching  by 
hand.  As  the  cans  pass  from  the  capping  machine  they  may  be 
submerged  in  a  bath  of  boiling  water  to  test  for  leaks.  Any  imper- 
fection in  the  can  or  defect  in  sealing  will  be  shown  by  a  series  of 
air  bubbles  issuing  from  the  opening,  and  the  can  is  at  once  taken  out 
by  the  inspector  for  repairs. 

Processing  and  Cooling. 

After  capping,  the  cans  are  processed  according  to  the  nature  of 
the  contents.  The  cans  are  collected  in  large  iron  baskets,  which 
usually  hold  270  No.  2  or  180  No.  3  cans,  and  three  baskets  fill  a  re- 
tort. If  the  processing  is  conducted  at  boiling  temperature,  the 
retort  is  not  closed,  but  steam  is  turned  into  the  water  which  covers 
the  cans.  If  the  temperature  is  to  be  above  the  boiling  point,  the 
retort  is  closed  and  either  the  steam  is  turned  into  the  retort  until 
the  proper  pressure  and  temperature  has  been  reached,  or  water  is 
first  turned  in  to  cover  the  cans  and  the  steam  is  admitted  until  the 
temperature  has  been  attained.  In  processing  fruits  it  is  customary 
to  use  long  vats  containing  boiling  water  and  equipped  with  auto- 
matic conveyers,  which  carry  the  cans  or  crates  through  at  such  a 
speed  as  will  process  them  for  the  necessary  length  of  time.  This 
period  varies  with  the  product.  Sterilization  depends  on  adminis- 
tering the  proper  amount  of  heat,  and  heating  above  the  required 
temperature  or  for  longer  than  is  necessary  only  cooks  the  material 
to  no  purpose. 

As  soon  as  the  processing  is  completed,  the  cans  should  be  cooled 
with  water.  Unless  this  is  done,  the  heat  will  be  held  so  long  that 
the  contents  become  overcooked — fruits  are  softened,  and  tomatoes 
become  liquid,  even  blacken,  peas  break  and  make  muddy  liquor, 
while  corn  acquires  a  brown  color  and  a  scorched  taste.  The  cooling 
may  be  done  by  turning  cold  water  into  the  retort,  by  removing  the 
basket  of  cans  to  a  cooling  tank,  or  by  spraying  with  water  in  the 
air.  There  is  less  difference  in  the  results  obtained  by  different 
methods  of  applying  either  heat  or  cold  than  some  claim;  the  im- 
portant point  is  to  accomplish  these  steps  quickly. 

In  canning  operations  the  product,  salt,  sugar,  or  other  seasoning, 
and  water  are  the  only  materials  used.  No  hardener,  bleach,  or  pre- 
servative is  employed,  and  in  commercial  canning  there  never  was 
as  much  preservative  used  as  is  common  in  the  household  operation. 
Saccharin  and  sulphites  were  formerly  used  iii  com  and  peas,  but 
their  use  has  now  been  practically  discontinued;  on  the  other  hand 
the  practice  of  selling  a  "canning  compound"  to  housewives  still 
continues,  and  will  only  cease  when  the  nature  and  effects  of  such 
chemical  preservatives  are  known,  and  the  lack  of  necessity  for  their 
use  is  appreciated. 
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CONTAINEBS. 

The  first  container  used  was  the  ordinary  glass  bottle  with  a  com- 
paratively small  mouth,  and  was  closed  with  a  cork.  The  next  step 
was  the  use  of  a  resinous  wax  to  cover  the  cork.  The  bottle  was 
modified  to  the  more  convenient  or  jar  form,  and  a  groove  run  around 
the  top  so  that  a  tin  cap  might  be  sealed  in  place  with  wax.  This 
method  of  sealing  was  common  in  domestic  canning  until  about  1890. 
The  metal  screw  cap  with  the  rubber  ring  and  various  other  devices, 
most  of  which  depend  on  a  rubber  or  fiber  joint  to  exclude  the  air, 
have  been  introduced  since  that  date.  The  glass  jar  is  largely  vused 
in  domestic  canning,  but  not  commercially,  as  it  is  heavy,  breaks 
easily,  can  not  be  handled  by  automatic  machinery,  will  not  stand 
hard  processing  without  special  precautions,  and  increases  freight 
rates.  Glass  containers  are  used  for  preserves,  spiced  and  pickled 
fruits,  and  for  the  limited  canning  for  which  the  consumers  are 
willing  to  pay  a  fancy  price.  Very  recently  improvements  have  been 
made  in  glass  jars  and  the  methods  of  sealing,  which  may  extend  their 
usefulness,  especially  to  such  products  as  can  not  be  preserved  to  the 
best  advantage  in  tin. 

The  earthenware  jar  was  brought  out  to  offset  the  high  cost  of  the 
glass  jars;  some  of  these  were  glazed  inside,  some  outside,  and  some 
on  both  sides.  They  were  generally  sealed  with  a  tin  cap  by  means 
of  wax,  though  a  few  had  earthen  tops.  Various  forms  were  given 
to  these  jars,  and  some  may  still  be  found  which  have  been  in  use 
for  many  years  in  rural  districts.  The  earthenware  jars  had  only 
one  advantage  over  glass,  that  is  in  cost,  but  they  had  the  disadvan- 
tage of  having  blow  or  sand  holes.  The  earthenware  jar  is  not  used 
to  any  large  extent  in  commercial  canning,  though  some  are  used  to 
pack  bulk  jams  and  stock  for  preserves,  etc. 

The  tin  can  is  preeminently  the  container  used  in  conmiercial  can- 
ning, and  it  is  also  used  to  a  very  large  extent  in  home  canning. 
Those  used  for  the  latter  purpose  retain  the  deep  ring  about  the  open- 
ing for  the  insertion  of  caps  and  sealing  with  wax;  these  are  com- 
mercialy  known  as  wax-top  cans.  In  commercial  canning  solder  is 
used  exclusively  for  sealing  stud  hole  or  cap  cans.  The  tin  can  has 
undergone  a  number  of  changes.  The  first  cans  had  flush  sides  and 
ends,  or  plumb  joints;  these  gave  way  to  the  stamped-overlapped 
ends,  and  all  inside  soldering  has  been  superseded  by  lock  seams  and 
outside  soldering.  Most  solder  caps  are  hemmed,  so  that  only  the 
amount  necessary  to  seal  is  used.  The  solder  can  has  been  super- 
seded in  many  cases  by  the  open  top,  or  so-called  sanitary  can,  and 
in  this  case  the  sealing  is  done  by  double  seaming  on  the  top,  no 
solder  being  used  on  the  can  except  in  making  the  side  seam.  The 
former  objections  to  acid  and  solder,  on  the  ground  that  they  con- 
taminated the  foodstuffs,  have  thus  been  largely  overcome. 
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The  most  recent  improvement  in  the  tin  can  is  the  inside  coating 
or  lacquering.  This  type  of  can  is  known  to  the  trade  as  the  "  enamel 
lined ''  can.  Various  coatings  have  been  tried  at  different  times 
without  entire  success,  and  while  the  present  lining  is  not  perfect^ 
it  does  effect  a  marked  improvement  in  many  lines  of  packing.  There 
are  fruits  and  vegetables  which  attack  the  tin  coating  with  more  or 
less  vigor,  resulting  in  a  loss  of  color,  flavor,  and  quality,  and  at  the 
same  time  form  salts  of  tin  which  are  objectionable.  The  inside  lac- 
quered cans  are  especially  effective  in  holding  such  articles  as  ra^ 
berries,  cherries,  plums,  beets,  pumpkin,  hominy,  etc  They  do  not 
add  to  such  products  as  com,  peas,  beans,  tomatoes,  or  those  which 
have  little  action  upon  the  tin.  Inside  coating  is  accomplished  in 
two  ways — by  baking  the  lacquer  on  the  sheet  and  by  spraying  it 
on  the  inside  of  the  finished  can;  further  improvement  in  the  con- 
tainer may  be  expected  along  these  lines.  The  tin  can  is  made  in  a 
great  variety  of  sizes  and  shapes,  but  there  are  certain  forms  known 
as  standard. 

Sizes  of  standard  cans. 


Number  of 

Diameter 

^.X!" 

Capacity  in 

can. 

in  inches. 

ounces. 

1 

2tt 

4 

11.6 

lUU 

21 

M 

12.3 

2 

3 

^ 

21.3 

^ 

4 

4 

31.2 

3 

4W 

4 

35 

3taU 

4^ 

5 

39 

8 

6^ 

& 

104 

10 

6A 

OA 

107 

The  size  of  package  used  for  certain  products  is  fixed  by  trade 
custom  and  not  by  the  needs  of  the  consumer.  For  example,  com, 
peas,  beans,  and  such  products  are  almost  exclusively  packed  in  No. 

2  cans,  tomatoes  in  No.  3,  and  California  fruits  in  No.  2J  cans.  The 
No.  2  can  of  high-grade  peas  or  com  contains  about  22  ounces,  or 
too  much  for  one  service  for  a  family  of  two,  three,  or  four  persons, 
and  with  peas  in  particular  the  unused  portion  is  not  so  good  when 
served  a  second  time.  A  can  holding  16  ounces  would  more  nearly 
meet  the  requirements.  The  same  is  true  for  a  No.  3  can  of  tomatoes. 
The  excess  is  waste  in  many  cases  and  represents  not  only  good 
material  but  the  labor  expended  upon  it,  a  larger  can  than  is  neces- 
sary, and  boxing  and  freight.  These  are  all  items  which  contribute 
to  cost  and  a  consequent  lessening  of  the  use  of  canned  foods.  The 
No.  2i  can  was  developed  as  a  short  weight  from  the  No.  3  and  does 
not  adequately  represent  the  interval  in  size  between  the  No.  2  and  the 
No.  3.    The  No.  2|  sanitary  can  holds  only  slightly  less  than  the  No. 

3  in  the  older  style,  as  the  latter  can  not  be  filled  so  nearly  full  and 
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sealed.  Recently  a  new  style  of  can  has  been  introduced  for  Califor- 
nia fruits,  especially  for  peaches,  known  as  the  luncheon  size,  which 
is  one-half  the  height  of  the  No.  2^.  These  are  desirable  because  they 
will  take  in  the  large  pieces  of  fruits  and  apparently  are  meeting  a 
demand.  The  same  style  in  the  square  can  is  being  used  for  aspar- 
agus tips. 

At  the  present  time  some  packers  are  trying  to  meet  certain  de- 
mands by  varying  the  fill  rather  than  the  size  of  the  can.  For  ex- 
ample, a  well-filled  can  of  tomatoes  might  retail  at  15  cents,  the 
packer  may  reduce  the  quantity,  add  water,  and  make  the  cans  sell 
two  for  a  quarter,  or  carry  it  to  an  extreme  and  sell  for  10  cents. 
A  customer  finding  that  the  10-cent  can  will  furnish  the  amount  of 
tomato  wanted  and  without  waste  will  repeat  the  order.  The  same 
methods  are  used  more  or  less  in  packing  fruits,  using  a  quantity 
which  will  make  the  can  sell  for  a  certain  price.  This  is  a  crude, 
unsatisfactory,  and  manifestly  expensive  method,  and  also  open  to 
fraud  by  those  who  are  unscrupulous.  It  would  be  far  better  for  the 
packer  to  determine  what  size  is  wanted  and  use  such  sizes,  filling 
them  properly. 

THE  LABEL. 

The  label  should  tell  the  truth  in  terms  which  are  direct  and  easily 
understood.  It  should  give  the  name  of  the  article,  the  grade,  by 
whom  packed  and  where  packed,  or  the  name  of  the  distributor. 
Neither  the  names  nor  the  illustrations  used  should  be  misleading. 
A  picture  of  green  peas  in  pods  in  clear  relief  and  subdued  type  stat- 
ing that  the  contents  are  soaked  is  hardly  appropriate.  If  given  a 
geographical  name  it  must  be  the  true  one.  Corn  grown  in  Iowa  is 
not  Maine  corn  though  obtained  from  Maine  seed.  The  use  of  such 
terms  as  "  Maine  style  "  for  cream  corn  is  in  reality  only  an  attempt 
to  circumvent  the  intent  of  a  true  label. 

There  are  no  fixed  standards  for  canned  goods,  though  the  canner 
and  the  trade  do  recognize  and  describe  certain  qualities  in  jobbing, 
and  prices  are  made  accordingly.  The  consimier  has  not  been  edu- 
cated to  know  these  differences.  The  labels  usually  carry  descriptive 
terms  implying  superlative  quality,  as  extra  select,  extra  choice,  extra 
fancy,  select,  choice,  fancy,  extra  standard,  and,  less  commonly, 
standard.  There  are  too  many  designations  for  the  same  product, 
and,  furthermore,  Mr.  A's  fancy  may  not  be  the  same  as  Mr.  B's. 
The  grade  may  not  be  the  same  in  two  consecutive  seasons,  due  to 
drought,  excess  of  rain,  intense  heat,  or  other  cause;  neither  may 
it  mean  the  same  in  different  sections  of  the  country  in  a  normal 
year.  In  other  words,  at  the  present  time  the  grade  does  not  have 
a  fixed  character. 
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Again,  when  the  sirup  is  one  of  the  factors  in  grading  a  product, 
that  fact  should  be  given,  though  it  is  not  required.  A  consumer 
can  not  go  to  the  grocery  and  buy  peaches  in  a  40°,  30*^,  or  20*^ 
sirup,  though  the  packers  use  care  in  preparing  such  sirups  to  use 
for  their  different  grades.  Such  designations  as  heavy,  medium, 
and  light  sirup  are  also  inadequate.  A  heavy  sirup  may  mean  any- 
thing between  35 "^  and  60"^,  a  medium  between  20°  and  45°,  and  a 
light  between  10°  and  30°,  depending  on  who  uses  it.  These  varia- 
tions are  too  wide  to  be  carried  under  such  elastic  terms.  There  is 
no  doubt  that  some  fruit  packed  in  light  or  20°  sirup  is  just  as  good 
as  that  put  up  in  medium  or  30°  sirup,  but  there  can  be  no  harm 
done  by  giving  the  exact  facts.  On  general  principles,  if  it  is  worth 
while  for  the  packer  to  select  his  stock  carefuly  and  put  up  different 
grades,  the  consumer  should  knoT^  how  to  select  them. 

A  can  of  any  food  should  be  as  full  as  it  can  reasonably  be  packed 
and  processed  without  injuring  either  the  quality  or  appearance 
of  the  product.  There  is  such  a  thing  as  overfilling  as  well  as 
under  filling,  and  one  is  as  much  a  fault  as  the  other.  All  foods 
packed  in  a  liquid  or  semiliquid  condition,  or  as  solids  surrounded  by 
liquid,  should  fill  to  within  one-half  inch  of  the  top,  and  when  free 
liquid  is  present  it  should  cover  the  solids.  Corn  or  peas  an  inch 
below  the  top  would  be  a  slack  fill,  even  though  covered  with  liquid. 
The  fruits  present  a  more  perplexing  problem,  depending  upon  the 
size  of  the  pieces  and  the  degree  to  which  they  shrink  in  the  sirup. 
The  very  choice  large  peaches,  having  only  5  or  6  pieces  to  the  can, 
will  weigh  only  18  or  19  ounces  and  be  as  full  as  they  can  be  sealed. 
A  slightly  smaller  size,  of  7  to  9  pieces  to  the  can,  will  weigh  20 
ounces,  and  for  more  than  10  pieces  the  weight  will  be  from  21  to  22 
ounces.  After  they  have  been  cooked  in  the  sirup  the  pieces  will 
soften,  the  weight  will  change,  and  the  fill  will  not  be  the  same, 
though  in  all  the  amount  was  as  much  as  could  be  sealed.  If  the 
cans  be  judged  upon  weight  of  the  solids  alone,  the  highest  grade 
would  be  short  weight;  the  quality  must  also  be  considered.  The  pres- 
ence of  only  18  or  19  ounces  of  low-grade  peaches  would  be  mani- 
festly slack  filled.  Soft  berries,  like  strawberries  and  raspberries,  if 
filled  as  full  as  the  can  will  hold  and  sirup  or  water  added,  will 
appear  only  one-third  to  one-half  full  of  solids  upon  opening  and 
considerable  variation  will  occur,  depending  upon  their  condition. 
Some  foods  can  be  packed  so  as  to  give  a  fairly  uniform  net  weight 
upon  opening,  but  with  others  the  volume  of  solids  and  its  own  liquid 
is  a  fairer  measure.  The  buyer  is  entitled  to  a  full  can  and  most  pack- 
ers try  to  furnish  it.  The  net  weights  given  for  several  products  at 
the  close  of  the  descriptions  of  processing  are  intended  to  represent 
the  minimum;  the  amount  actually  obtained  should  exceed  these 
figures.     A  lower  net  weight  may  be  regarded  as  "  slack  filled." 
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USE  OF  THE  TEBrM  <<  CANNED.'' 

The  term  "  canned  "  as  applied  to  food  products  put  up  in  her- 
metically sealed  packages  is  capable  of  more  than  one  meaning. 
Originally  it  meant  any  food  put  up  in  any  container  which  might 
be  hermetically  sealed  and  the  preservation  acccnnplished  through 
sterilization  by  heat  In  commercial  use  the  term  "  canned  "  applies 
only  to  foods  put  up  in  tin  containers  and  sterilized  by  heat.  Under 
that  construction  any  foods  put  up  in  glass  or  other  containers  than 
tin  are  not  rated  as  canned  foods,  nor  are  foods  put  up  in  tin  in 
which  preservation  is  accomplished  by  some  means  other  than  heat. 
Fish  cured  in  brine,  pickled,  or  spiced,  but  packed  in  tin,  is  not  canned 
within  this  meaning  of  the  term.  Fruits  preserved  with  sugar,  placed 
in  glass  or  tin  jars,  and  sealed  in  vacuum  are  not  canned  in  the  com- 
mercial sense.  The  same  is  true  of  smoked  meats,  such  as  dried  beef, 
and  fish,  as  smoked  herring.  In  domestic  canning  glass  jars  are 
generally  used,  and  the  product  is  referred  to  in  the  home  as  canned. 
It  is  unfortunate  that  the  term  should  have  so  many  meanings.  In 
the  trade  it  is  now  common  to  refer  to  fruit  in  glass,  sliced  bacon 
and  chipped  beef  in  glass  or  tins,  sliced  or  smoked  fish  in  glass  or 
sardines  in  tins,  and  candied  fruits  in  glass. 

SPOILAGE. 

Spoilage  may  result  from  insufficient  processing,  defective  con- 
tainers, or  the  use  of  unfit  material.  These  losses  are  generally 
classed  under  the  heads  of  swells,  flat  sours,  and  leaks.  Formerly 
losses  were  heavy  at  many  factories,  but  these  are  becoming  less  each 
year,  due  to  a  better  knowledge  of  what  is  necessary  in  material, 
handling,  and  improved  appliances.  More  attention  is  paid  to 
testing  for  bacteria,  and  greater  care  is  taken  in  obtaining  accurate 
thermometers  and  gauges,  automatic  temperature-regulating  devices, 
and  time  recorders,  so  that  little  is  left  to  the  judgment  of  the 
processor  or  helper. 

Spoilage  due  to  insufficient  processing  is  generally  divided  into 
two  classes — swells  and  flat  sours.  In  the  former  there  is  generation 
of  gas,  causing  the  ends  of  the  can  to  become  distended;  in  the  latter 
the  content  of  the  can  is  sour,  but  there  is  nothing  in  the  appearance 
of  the  can  to  enable  the  customer  to  determine  the  condition  until 
the  can  is  opened.  Swells  are  generally  due  to  underprocessing  good 
material,  while  flat  sours  most  often  result  from  giving  the  regular 
process  to  material  which  has  been  allowed  to  stand  for  some  time, 
such  as  peas  remaining  in  a  load  overnight  or  corn  left  in  a  car  or 
in  a  pile  until  it  begins  to  heat.  The  raw  material  may  show  no 
evidence  of  fermentation  on  superficial  examination,  but  this  condi- 
tion frequently  exists  under  the  conditions  just  cited.     Swells  are 
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therefore  more  likely  to  be  associated  with  rush  operations  and  flat 
sours  with  an  overstock  or  delay  in  getting  at  the  raw  material.  It 
is  not  intended  to  give  the  impression  that  swells  and  sours  may  not 
occur  under  other  conditions,  such  as  cUjetnges  in  the  consistency  of 
the  com,  nor  that  swells  may  not  occur  in  material  which  has  stood, 
and  sours  result  from  underprocessing,  but  only  to  state  a  general 
rule. 

SweUing  or  souring  may  take  place  shortly  after  processing  or 
the  spoilage  may  be  delayed  for  weeks  or  even  months.  Swelling 
is  more  likely  to  occur  and  be  detected  early,  while  souring  is  apt  to 
be  delayed,  though  it  may  occur  early.  The  heat  used  in  processing 
may  have  been  insufficient  to  kill  the  vegetative  forms  or  spores,  but 
may  have  injured  them  to  such  an  extent  that  time  was  necessary  for 
recovery  and  subsequent  development;  A  microscopic  examination 
of  the  material  a  few  days  after  processing,  or  of  the  incubating  cans 
during  a  short  period,  might  not  show  anything  wrong.  It  is  only 
by  incubating  samples  for  a  number  of  days  that  early  recognition 
can  be  made  of  some  cases  of  spoilage  or  possible  spoilage.  The 
canner  often  sends  his  goods  from  the  factory  with  full  confidence 
in  their  condition,  and  it  is  not  until  after  they  have  been  in  the 
broker's  warehouse  or  upon  the  grocer's  shelves  many  weeks  or  even 
months  that  he  becomes  aware  that  anything  is  wrong.  The  spoilage 
may  amount  to  only  one  can  to  the  case,  or  the  percentage  may  be 
high ;  but  in  either  event  the  goods  are  rejected  with  loss. 

Spoilage  from  the  use  of  improper  material — i.  e.,  material  which 
has  been  allowed  to  stand  until  fermentation  has  begun — is  generally 
more  or  less  sour  to  the  smell  and  taste,  but  is  sterile,  the  heat  of 
processing  having  killed  the  bacteria. 

Can  leaks  may  occur  along  the  side,  "  seam  leaks  "  ;  at  either  end, 
"  end  leaks  " ;  at  the  cap,  "  cap  leaks  " ;  at  the  tip,  "  tip  leaks  " ;  or 
may  be  due  to  defective  tin  plate.  Can  making  has  reached  such  a 
point  of  perfection  that  manufacturers  guarantee  all  above  two  to 
the  thousand.  These  imperfect  cans  are  usually  due  to  the  solder 
not  making  a  perfect  union  or  to  defects  in  crimping  or  double  seam- 
ing. With  the  use  of  the  automatic  capping  and  tipping  machines 
there  are  fewer  leaks  than  formerly  occurred  when  the  work  was  done 
by  hand;  leaks  in  sanitary  cans  are  generally  due  to  poor  adjustment 
of  the  rollers.  Leakers  are  recognized,  as  a  rule,  by  inspection  in 
the  hot  bath,  few  getting  into  the  wareroom.  Leaks  may  be  very 
small,  even  microscopic  in  size,  and,  therefore,  difficult  to  detect,  or 
pieces  of  the  can  content  may  be  driven  into  the  opening  and  seal  it 
for  the  time.  Leaks  invariably  cause  swells.  A  check  on  spoilage 
can  be  kept  by  placing  a  few  cans  from  each  day's  run  in  a  room  kept 
at  a  high  temperature  (98^) ,  as  these  will  incubate  much  more  rapidly 
than  if  kept  in  a  storeroom. 
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There  are  two  conditions,  known  to  the  trade  as  "  springers  "  and 
"  flippers."  A  springer  is  a  can  the  end  of  which  will  bulge  slightly 
after  a  time,  but  on  opening  there  is  found  neither  gas  nor  spoilage, 
though  the  cans  have  the  appearance  of  being  swells.  This  condition 
has  been  found  to  be  due  to  overfilling  or  to  packing  cold.  Such 
goods  when  placed  in  a  warm  grocery  will  bulge,  due  to  the  tempera- 
ture. A  flipper  is  a  springer  of  such  mild  character  that  the  head' 
may  be  drawn  in-by  striking  the  can  on  a  hard  object.  It  is  always 
possible  to  tell  a  swell  from  a  springer  by  the  use  of  a  microscope,  as 
in  the  former  there  will  be  large  numbers  of  organisms  while  in  the 
latter  there  will  be  very  few. 

"VMiile  a  spoiled  can  of  food  should  never  be  eaten,  tho  danger  of 
poisoning  from  fruits  and  most  vegetables  is  very  remote.  Ptomains 
or  other  poisons  may  form  in  meat,  milk,  and  fish,  but  rarely,  if  ever, 
in  vegetables. 

EFFECT  OF  HEAT  AND  COLD. 

Canned  foods  may  be  injured  by  an  excess  of  either  heat  or  cold. 
Some  products  are  injured  more  than  others.  The  effect  of  pro- 
longed heating  is  to  cook  the  contents  to  a  pulp.  This  is  seen  at 
times,  in  the  case  of  peas  and  tomatoes  in  particular,  when  the  cans 
have  been  stacked  tightly  before  being  fully  cooled.  The  liquor  will 
become  cloudy  from  short  heating,  thick  and  heavy  from  prolonged 
heating,  and  the  peas  softened  and  broken  if  it  is  continued  for  a 
number  of  days.  The  writer  has  seen  peas  stacked  that  were  warm 
for  three  weeks  after  packing.  Tomatoes  become  soft  and  pulpy, 
and  often  turn  a  walnut  brown  if  stacked  hot  and  the  heat  is  retained. 
All  fruits  become  murky  and  lose  their  distinctive  flavor  and  odor. 
Canned  foods  will  stand  the  high  temperature  of  summer  very  well, 
but  as  far  as  possible  they  should  not  be  placed  in  the  hot  sun  nor 
kept  in  a  very  hot  storeroom.  The  effect  of  moderate  heat  is  not 
nearly  so  marked  as  might  be  expected. 

Cold  seems  to  have  no  ill  effects  upon  canned  goods  unless  it  goes 
below  the  freezing  point.  Most  canned  foods  wiU  stand  a  little 
freezing  without  appreciable  change.  Repeated  freezing  and  thaw- 
ing cause  the  goods  to  become  flabby  and  give  a  flat  taste.  In  all 
cases  the  interior  of  the  cans  shows  a  distinct  attack  up<Hi  the  tin. 
With  fruits,  the  coating  of  the  cans  is  made  to  appear  as  though 
it  were  galvanized.  Canned  foods  will  resist  a  fair  degree  of  heat 
or  cold  without  serious  injury,  but  continued  heat  or  a  very  high 
temperature,  or  repeated  freezing  and  thawing  will  cause  deteriora- 
tion in  quality. 

Foods  properly  prepared  and  kept  under  reasonably  good  condi- 
tions deteriorate  very  slowly,  so  that  cans  carried  from  one  year  to 
another  may  be  as  good  as,  or  better  than,  the  latest  pack,  depending 
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upon  the  comparative  quality  of  the  fresh  product  used.  On  general 
principles,  however,  it  is  desirable  that  a  product  should  not  be  car- 
ried over  several  seasons.  The  amount  of  tin  dissolved  also  increases 
with  time,  which  is  an  additional  reason  for  not  holding  canned 
goods  any  longer  than  is  absolutely  necessary. 

HOME  CANNING. 

It  is  not  possible  to  accurately  estimate  the  amount  of  home  can- 
ning that  is  being  done,  but  it  must  aggregate  many  millions  of  cans. 
In  the  rural  districts  in  particular  it  is  considered  to  be  a  part  of 
the  season's  work  to  put  up  canned  foods  for  the  winter,  and  from 
50  to  100  cans  is  no  unusual  stock  for  a  family..  The  products  canned 
are  usually  fruits  and  berries,  as  these  are  the  most  easily  handled 
under  home  conditions. 

The  household  department  of  numerous  weekly  papers  gives  much 
space  to  instructions  in  home  canning,  and  many  cook  books  give 
recipes  and  details  of  the  operation.  There  are  also  manufacturers 
of  small  home-canning  equipments  who  give  glowing  accounts  of 
the  profits  to  be  made  from  doing  such  work.  Whether  it  is  profit- 
able to  can  for  home  consumption  depends  upon  the  cost  of  the  raw 
material,  fuel,  and  labor.  It  may  be  said  that  it  is  not  generally 
profitable  to  buy  fruits  or  vegetables  in  a  city  market  and  put  them 
up  in  cans.  Lots  of  a  bushel,  half  bushel,  or  crate  generally  lack  the 
necessary  freshness,  are  in  too  small  a  quantity  to  permit  of  grading, 
and  there  is  too  much  waste.  The  labor  involved  Is  disproportion- 
ately large  for  the  amount  handled,  and  the  expense  for  cans  and 
sugar  must  not  be  omitted  in  determining  the  cost  of  the  finished 
product.  Home  canning  may  be  profitable  when  the  raw  stock  costs 
little  or  nothing,  when  no  account  is  taken  of  the  labor,  and  the 
satisfaction  of  having  one's  own  handiwork  is  worth  more  than  the 
money  value  of  the  article. 

Home  commercial  canning  is  being  encouraged  to  a  certain  extent 
and  whether  it  will  prove  profitable  or  not  will  depend  upon  local 
conditions.  The  outfit  needed  for  canning  most  fruits  and  tomatoes 
is  very  small  and  where  a  crop  can  not  be  marketed  except  at  a  very 
low  price  or  the  labor  can  not  be  otherwise  advantageously  employed, 
a  fair  profit  may  be  obtained.  The  canning  of  special  articles  or 
putting  them  up  in  a  certain  way  for  an  established  trade  is  often 
successful,  but  on  standard  articles  like  tomatoes,  com,  peas,  string 
beans,  etc.,  the  chances  of  home  canning  in  competition  with  a  mod- 
em factory  are  about  the  same  as  those  of  a  hand  meal  grinder  as 
compared  with  a  modern  grist  mill.  The  product  of  the  average 
home  cannery  will  grade  in  quality  on  about  the  same  par  as  country 
butter.  Both  depend  upon  the  producer,  but  as  a  class  neither  ranks 
very  high.    The  small  home  cannery  is  useful  in  saving  good  food 
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which  would  otherwise  go  to  waste,  and  its  development  should  be 
encouraged,  but  the  idea  of  large  profits  should  be  held  in  abeyance. 
For  the  novice  and  many  others  it  would  be  better  to  leam  how  to 
buy  the  best  prepared  foods  rather  than  to  attempt  to  pack  them. 

COST  OF  CANNED  FOODS  COMPABED  WITH  FBESH. 

In  making  a  comparison  of  the  cost  of  canned  and  fresh  products 
of  the  same  kind,  a  niunber  of  factors  must  be  taken  into  considera- 
tion. First,  the  cost  of  the  raw  material  and  the  waste  when  pur- 
chased in  the  small  quantity  used  in  a  single  meal ;  second,  the  cost 
of  labor  and  preparation  used  in  making  it  ready  for  the  table.  It 
is  obvious  that  a  comparison  can  not  be  made  for  time,  as  the  canned 
article  may  be  had  throughout  the  year  and  the  fresh  for  only  a 
limited  season,  and  purchase  of  a  product  out  of  season  is  usually 
at  a  high  cost.  In  making  a  purchase  of  either  the  fresh  or  canned 
article,  the  smaller  the  quantity,  the  higher  the  price;  the  single  can 
costs  more  than  if  bought  by  the  dozen  or  case,  as  does  the  half  peck 
of  apples  compared  with  the  bushel  or  barrel. 

Take,  for  example,  a  No.  3  and  a  No.  10  can  of  whole  apples; 
the  former  usually  retails  for  10  cents  and  the  latter  for  25  to  30 
cents.  Those  who  can  use  the  latter  have  a  decided  advantage,  as 
it  will  contain  between  four  and  five  times  as  much  as  the  former. 
Only  in  apple  districts,  and  for  short  seasons,  can  the  same  quantity 
of  the  fresh  fruit  be  purchased  at  the  same  price.  Wherever  the 
fresh  fruit  sells  at  the  rate  of  $2  per  bushel  when  purchased  by  the 
peck,  and  this  is  below  average  prevailing  prices  in  cities,  the  canned 
article  is  the  cheaper.  In  the  raw  stock  there  is  loss  in  peel  and  core, 
from  bruises,  short  weight,  and  often  rot,  all  of  which  is  eliminated 
in  the  can.  The  canned  variety  usually  cooks  better,  and  for  the  pie 
or  dumpling  is  generally  the  cheaper. 

Neither  com  nor  peas  can  be  purchased  in  large  cities,  nor  in  many 
smaller  ones,  as  cheaply  as  in  the  can,  and  then  they  are  not  so  fresh. 
In  up-to-date  canneries  the  article  is  put  up  the  day  it  is  picked,  while 
3  or  4  days  may  elapse  from  the  time  the  raw  product  is  harvested  in 
the  garden  (in  transportation,  in  the  hands  of  the  commission  house, 
and  in  the  grocery)  before  it  reaches  the  consumer's  table.  It  requires 
nearly  2  quarts  of  good  peas  in  the  pod  to  make  one  can,  and  often 
more  than  3  quarts  of  the  heavy-podded  variety  found  on  the  market. 
At  no  time  can  the  smaller  peas  nor  fine-kemeled  com  be  purchased 
as  cheaply  as  in  the  can.  It  requires  2  bushels  of  good  peas  to  yield 
one  No.  2  can  of  petit  pois,  or  1  bushel  to  yield  one  can  of  extra 
sifted,  and  from  4  to  8  ears  of  small  com  to  make  one  can.  The  i>ea 
and  corn  packer,  however,  handles  tons  of  these  crops  especially 
grown  for  him,  and  uses  the  highest  class  of  automatic  labor-saving 
machinery  in  all  operations,  so  that  the  real  labor  on  a  single  can 
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is  very  small.  The  consumer  can  not  purchase  peas  at  from  30  to  50 
cents  per  bushel,  nor  corn  at  $9  to  $12  per  ton,  and  these  represent 
initial  costs  in  large  quantities. 

In  fruits,  as  berries,  the  consumer  must  figure  that  a  No.  2  can 
will  require  not  less  than  12  ounces  of  well-selected  fruit,  and  for  a 
No.  2|  can  (22  ounces).  The  latter  is  equivalent  to  two  boxes  of 
berries  by  the  time  they  are  picked  over.  Sirup  is  added  to  the  can, 
which'offsets  the  sugar  necessary  for  the  fresh  fruit. 

There  is  a  vast  difference  in  canned  foods,  and,  as  in  many  other 
lines  of  commerce,  the  cheapest  in  price  is  often  the  most  expensive. 
The  can  of  water-packed  tomatoes,  the  green  hard  pears,  the  handful 
of  berries  in  a  pint  of  water,  or  poor-quality  beans  disguised  with 
tomato  dressing  and  offered  at  a  low  price,  when  measured  by  their 
food  value  are  the  highest.  Goods  which  are  strictly  standard 
should  give  the  best  food  value  for  the  cost.  Peas,  corn,  beans,  and 
tomatoes  which  are  good  field  run,  but  which  lack  the  uniformity 
and  niceties  whidi  are  necessary  for  the  fancy  article,  will  have  all 
the  nutritive  properties,  and  be  just  as  palatable,  but  cost  several 
cents  less  per  dozen.  There  is  much  that  is  pure  fad  in  the  purchase 
of  canned  foods;  the  asparagus  must  be  white  and  the  fewest  possible 
stalks  in  a  can;  the  green  is  just  as  good  and  a  medium  number  of 
stalks  furnish  a  more  edible  product.  The  little  peas  are,  naturally, 
the  costly  ones,  for  less  than  5  per  cent  are  of  that  kind ;  the  large 
ones  are  the  better  flavored  and  more  nutritious,  and  one-third  the 
cost.  Similar  examples  might  be  cited  of  a  number  of  other  prod- 
ucts. Canned  foods  should  be  purchased  by  the  dozen  or  case, 
straight  or  in  mixed  lots,  rather  than  by  single  cans. 

EXTENT  or  THE  CANNING  INDTJSTBY  IN  THE  UNITED  STATES. 

The  figures  presented  by  the  Bureau  of  the  Census  give  one  a 
general  idea  of  the  importance  of  the  canning  industry.  In  1909, 
there  were  3,767  establishments  engaged  in  canning  and  preserving, 
the  capital  invested  was  $119,207,000,  that  paid  for  raw  material  was 
$101,823,000,  and  the  finished  product  was  worth  $157,101,000.  The 
number  of  cases  of  the  principal  vegetables  was  as  follows :  Tomatoes, 
12,883,414;  com,  7,447,765;  peas,  6,873,748;  beans,  3,774,923;  and  all 
others  3,093,493.  The  number  of  cases  of  the  principal  fruits  was  as 
follows:  Peaches,  1,479,601 ;  apples,  1,169,730;  berries,  792,244;  pears, 
628,485;  apricots,  562,811;  and  all  others,  717,144.  The  number  of 
pounds  of  fish  was:  Salmon,  99,831,528;  sardines,  90,694,284;  oysters, 
28,192,392 ;  and  all  others,  16,700,509.  The  total  number  of  pounds 
of  condensed  milk  was  494,796,544. 

The  accompanying  table,  which  shows  the  time  and  place  of  can- 
ning the  principal  fruits  and  vegetables,  is  not  complete,  but  was 
made  up  from  the  reports  of  those  canners  who  replied  to  the  series 
of  questions  addressed  to  them. 

24210*— Bull.  151—12 3  ^  t 
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Seasons  for  packing  various  products 

in  the  different  States, 

state. 

Apples. 

Apricots. 

Asparagus. 

Baked  beans. 

Arkansas. 

July  23  to  Aug.  15 
Sept.  17  to  Nov.  26 
Sept.    1  to  Oct.  31 
Sept.  30  to  Oct.   30 
Sept.  20  to  Oct.   10 
Aug.    1  to  Sept.    1 
Aug.  10  to  Nov.  15 
Oct.     1  to  Nov.  15 
Oct.     1  to  Oct.   28 
Oct.     1  to  Nov.    1 

California 

June    1  to  Aug.  10 

Mar.  25  to  July     1 
May     1  to  June  30 

Colorado 

Connecticut 

Delaw{tfe 

Georgia . 

Illinois 

May  20  to  June  20 

Jan.       to  Dec. 

Tnritana. .     ,,-.-- 

do.., 

K^flJflM 

Maryland 

Jan.       to  Dec. 

Massachusetts 

do 

Michlran 

Aug.    1  to  Nov.    1 
Aug.  15 

Sept.  18  to  Oct.   17 
Sept.    1  to  Nov.    1 

do 

Minnesota 

do 

Missouri 

Nebraska 

New  Jersey 

May   13  to  July     1 

Jan.       to  Dec. 

New  Mexico 

Oct.   15  to  Dec.  25 
Sept.  15  to  Dec.  31 
Oct.     1  to  Nov.  20 
Aug.  25  to  Dec.     1 
July     1  to  Dec.     1 
Oct.        to  Nov. 
July  25  to  Dec.     1 
Sept.    1  to  Oct.   20 
Aug.  15  to  Dec.  10 

Aug.    1  to  Aug.  15 
July  20  to  Aug.  20 

New  York 

May   10  to  July   15 

Jan.       to  Dec. 

Ohio 

Oregon 

Pennsylvania 

Tennessee 

Apr.  16  to  May  10 
Apr.  26  to  June  10 

Utah 

July  24  to  Oct.     1 

Virginia  . 

Washlngrton 

July     1  to  Aug.    1 

State. 

String  beans. 

Beets. 

Blackberries. 

Cherries. 

Arkansas        .  . 

July    1  to  Aug.  15 
May  29  to  Sept.  10 

California 

Aug.    1  to  Sept.  15 

May  16  to  July  28 

Colorado         .  .  . 

June  15  to  Aug.    1 

Delaware 

July    1  to  July  20 
June  10  to  June  20 

Georgia 

July    1  to  Aug.    1 

Illinois...! 

June  16  to  July  16 

Indiana 

June    1  to  Oct.     1 
June    8  to  July  27 
July  10  to  Aug.  20 
June  10  to  Sept.  15 

Kansa"  , . 

Maryland 

July    4  to  July  20 
July  16  to  Aug.  24 

June    8  to  June  30 

Michigan 

July    1  to  Oct.     1 
June  20  to  Oct.  22 

June  25  to  Aug.  10 

Minnesota 

Nebraska      .  . 

June  10  to  July  15 

July    1 

July    6  to  July  15 
July  23  to  Sept.   1 
July    1  to  Aug.  10 
July  16  to  Oct.  16 

July    1 

New  Jersey 

June  15  to  July  25 
July  15  to  Nov.  26 
June  25  to  Nov.  10 

June    9  to  June  20 

New  York 

July    1  to  Oct.  28 
July    1  to  Sept.  30 
July  15  to  Oct.   15 
July  10  to  Oct.  15 
June  15  to  July  10 
June  30  to  Oct.     1 
July  20  to  Aug.  20 
July  20  to  Aug.  30 

June  20  to  Aug.    1 

Ohio 

June    1  to  June  30 

June  10  to  Aug.  20 

Pennsylvania 

Tennessee 

Aug.    1  to  Sept.  16 

Aug.  17  to  Oct.     1 

June  15  to  July    6 

May  25  to  June  26 

Utah 

July     1  to  Aug.  16 

Vermont 

Virginia 

July    1  to  Aug.    1 

June    1  to  June  30 

Washington 

June  26  to  July  20 

WlsocmSn 

July  10  to  Aug.  25 

State. 

Com. 

Currants. 

Gooseberries. 

Grapes. 

California 

June    5  to  June  30 
June  15  to  Aug.  30 

May  21  to  June    1 
May  15  to  June  30 

Aug.    1  to  Dec.     1 

Colorado 

Delaware 

July  15  to  Sept.  15 
Aug.    1  to  Oct.     1 
Aug.    1  to  Oct.   15 
Aug.    5  to  Oct.     1 
July  24  to  Sept.  15 
Aug.  20  to  Sept.  20 
Aug.    1  to  Oct.   20 

Illinois 

Indiana 

Iowa 

Kansas 

Maine 

Hf  Arvlnnrl 

Massachusetts 

::::;::::::::::::::  ::::;::::::::::;::;.. 

Michigan J  Sept.   1  to  Oct.     1 

Minnesota Aug.    1  to  Oct.     1 

Missouri Aug.  10  to  Sept.  27 

Nebraska Aug.    1  to  Oct.     1 

New  Hampshire . . .    Aug.  25  to  Sept.  20 
New  Mexico 

July     1  to  Aug.    1 

June  20  to  July  30 
June    1  to  July     1 



Sept.  16  to  Oct.     1 

Npw  York                   ,  Jiilv   2ti  to  Oct     17      T"'*"     »  ^"  *"«'      -'» 

June  20  to  Aug.    1 
June  10  to  Jime  20 
June    1  to  July  10 

Ohio !  Aug.    ItoNov.    1 

Oregon j 

Pcnusylvania i  Aug.  15  to  Oct.    15 

Utah                          '                .           ... 

J                                o 

June    1  to  July  15 

Sept.  15  to  Oct.  30 



June  15  to  July  10 

Vermont Aug.  25  to  Sept.  25 

Virginia f  Jiilv  20  to  Oct.   20 

Wisconsin                ■  Ahp   in  to  Opt    in 

June    1  to  June  30 

1        ° 

. 
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Seasons  for  packing  various  products  in  the  different  States — Continued. 


State. 

Hominy. 

Limb  beans. . 

Okra. 

Peaches. 

Alabama 

July  15  to  Aug.  16 
Aug.  1  to  Oct  1 
June  25  td  Oct     26 

ArkaiMA" 

Calilomia 

Colorado 

Jan.       to  Dec. 

Delaware 

Aug.  15  to  Sept.  15 
June    1  to  July    1 

July  26  to  Aug.  15 

Florida 

Georgia 

June  20  to  July  25 
Sept.  10  to  Oct.   10 

Illinois 

Jan.       to  Dec. 
Jan.       to  Dec. 

Indiana 

'LOllMATt^.,  , . . . . 

July  20  to  Aug.  30 
Aug.  10  to  Aug.  30 

Maryland 

Aug.    1  to  Sept   1 
Aug.  15  to  Sept.  20 

MinhigAn 

Sept  11  to  Nov.  1 
Aug.  11  to  Sept.  5 
Sept.  10  to  Oct.    10 

Minrnuri 

Nebraska 

New  Jersey 

Aug.    1  to  Sept  30 

June    1  to  Sept  20 

New  Mexico 

Sept.  1  to  Oct.  1 
Aug.  25  to  Oct.  20 
Aug.  10  to  Aug.  31 
Aug.  10  to  Oct   10 

New  York 

Jan.        to  Dec. 
Jan.       to  Dec. 

July  29  to  Oct.   15 
Aug.  10  to  Oct  30 

Ohio 

Pennsylvania 

Jan.       to  Dec. 

Aug.  15  to  Sept  15 

Tennenee 

July  20  to  Aug.  20 
June  15  to  Sept.  1 
Sept  6  to  Oct.  6 
Aug.  1  to  Oct.  15 
July  15  to  Sept.  30 

Tflicftfl . 

Utl^h 

Virginia 

Washington. 

State. 

Peas. 

Pears. 

Pineapples. 

Plums. 

rviifnmt^ 

May  20  to  June  20 

July     1  to  Oct   27 
June  15  to  Aug.  15 

July     1  to  Sept.  10 

ColOTado 

Connecticot 

Sept  30  to  Oct  20 

Delaware 

June    1  to  June  30 

Sept  20  to  Oct   20 

Florida 

May  16  to  Sept   1 

Georgia 

June    1  to  June  15 
June  14  to  July  14 
May  26  to  July  15 
June   5  to  June  30 
Jxme   6  to  July    1 

Tlltn«b 

Tnillana 

ir«n«u 

Maryland 

Sept   1  to  Nov.    i 
Oct     1  to  Nov.    1 
Aug.  20  to  Nov.    5 

MaffifH^hmntts. . 

June    2  to  June  10 

Michigan 

Mhinesota 

June  15  to  Aug.    1 
June    6  to  June  25 

New  Jersey 

Oct.  10  to  Nov.  15 
Sept  16  to  Oct   16 
Aug.  25  to  Nov.   9 

New  Mexico 

New  York 

June  15  to  Aug.  31 
June    1  to  July  10 
June    1  to  July  20 

May  14  to  June  25 

Aug.    5  to  Sept.  20 

Ohio 

Or^on 

Aug.  25  to  Oct.    10 
July  26  to  Oct   26 
July  15  to  Aug.  30 
Aug.  26  to  Sept.  18 
Sept   1  to  Oct    16 
Aug.    1  to  Oct   15 

Tf^iVWf^f^  . .    . . 

Texas 

July    1  to  Sept.   1 
June  10  to  July  25 
May  20toJune  19 

Utah 

Virginia 

Washington 

WlsconsBn 

June  15  to  Aug.  28 

State. 

Pumpkin. 

Quince. 

Raspberries. 

Rhubarb. 

ArVAnR^f ,    . 

Oct.  15  to  Nov.  15 
Sept.  15 

Oct     1  to  Dec.  31 
Oct  10  to  Oct  20 
Aug.  10  to  Nov.  20 
Oct.     1  to  Nov.  20 
Oct.     1  to  Nov.  24 
Sept  10  to  Oct   10 

California 

Sept  6  to  Nov.    2 

June  28  to  Oct.     6 

Colorado 

May  15  to  June  30 

Delaware 

nilnnls 

Indiana ......     . 

Kanms . .   .... 

Maryland 

Massachusetts 

Oct     1 

July    3  to  July  18 
July    1  to  July  15 
Sept   1  to  Oct     1 

Michigan 

Oct     1  to  Dec.  25 
Sept  25  to  Nov.    7 
Sept.  15  to  Nov.  15 
Oct    1  to  Nov.    1 
Sept   1  to  Nov.    1 
Nov.   1  to  Nov.  15 
Sept.  10  to  Nov.  13 
Sept  25  to  Nov.  24 
Aug.  15  to  Dec.     1 
Sept  20  to  Nov.  30 
Oct  16  to  Nov.  15 
Oct  16  to  Nov.  15 

July     1  to  Aug.    I 
June    1  to  July    1 

Mfnnej^t^ 

Missouri 

Nebraska 

June    1  to  July    1 

New  Jersey 

New  Mexico 

1 

New  York 

Oct.     1  to  Dec.     1     Jiine  26  to  Anir.  15 

May  15  to  July     1 

Ohio 

June    7  to  July  20 
June  15  to  July  15 

Or^on 

June    1  to  July  30 

Tenn^see 

June  15  to  July    8 
July  15  to  July  30 

JiiriA     1  tn  Jiinn  30 

Utah 

May  15  to  June  30 

Vh-glnia 

Sent   i  to  Pppt  30 

w^lflCflnsln 

Oct  10  to  Nov.  12 
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Seasons  for  packing  vanous  products  in  the  different  States — Continued. 


State. 

Sauerkraut. 

Spinach. 

Squash.           1       Strawberries. 

California 

Nov.    1  to  Nov.  13     Julv   16  to  Sent.  28 

Colorado 

Oct.   16  to  Mar.  31 

May  30  to  June  30 

Connecticut 

Sept.  30  to  Nov.  20 
Oct.  10  to  Oct.  20 

Delaware 

, 

June    6  to  June  80 

Georgia 

Sept.   1  to  Dec.  30 
Sept.      to  Nov. 
Sept.   1  to  Apr.     1 
Sept.   1  to  Dec.     1 

Illinois         

Indlapft,. 

Kansas 

Nov.    2  to  Nov.  24 

Maryland 

June  20  to  July    4 
June    1  to  July    8 

Massachuaetts 



Michigan 

June  15  to  July  16 

Minnesota 

Dec.    1  to  Jan.     1 

June  15  to  July     1 

June    1 

Sept.  15  to  June  25 

Nebraska 

Oct.       to  Nov. 
Sept.  20  to  Oct.  30 

New  Jersey 

June    1  to  Juno  21 

New  Mexico 

Dec.  26  to  Feb.    1 

New  York 

June  10  to  July     1 
May  25  to  Nov.  30 

Sept.  16  to  Dec.     1 
Oct.     1  to  Nov.  10 
Sept.  15  to  Dec     1 

May  30  to  July  15 

Ohio 

Sept.  11  to  Nov.  15 

May  25  to  June  30 

Oregon 

June    6  to  July  20 

Tennessee 

June    1 



July     1  to  Sept.   1 

TJtHh 

Aug.    1  to  Oct.  20 

Oct.     1 

State. 

Succotash.         1     Sweet  potatoes.     '          Tomatoes. 

1                                 1 

AlaNun^^... 

Nov.    1  to  Dec.     1 

Aug.    1  to  Oct.   10 

AriiransAS 

Aug.    1  to  Oct.     1 
Aug.    8  to  Dec.     1 

CaUfomia 

1 

Colorado 

1 

Aug.  20  to  Oct.     1 
Aug.  15  to  Nov.    1 
Aug.    1  to  Oct   » 
Aug.  U)  to  Oct.      1 
Aug.  10  to  Oct.   20 

OniT¥^t|ft|it 

1 

Delaware 

Oct.     6  to  Oct.   18 
Aug.    1  to  Sept.    1 

Oeorgia 



Jtllnnlii   _                       



fnrlf^pA 



1 

Aug.    1  to  Nov.    1 
Aug.  10  to  Oct.    15 
July  27  to  Oct.     5 
Aug.    1  to  Sept. 
Aug.  20  to  Oct.   20 

lowaT!;.:.::. :::.:. .::.:. : 

1 

JTf^nSflS 

Oct.     8  to  Oct.  26 

Kentucky 

}lft^ry\iuxA 

Aug.                         1  Oct.  10  to  Nov.    1 

iiK^\mmtt^ 

Sept.    1  to  Oct.     1 

MV^MgM 

1                 ... 

Aug.  15  to  Nov.    1 
Sept.    1  to  Oct.    10 
July  20  to  Oct.   30 
Aug.  20  to  Oct.     1 

MfnrwnYte 

jtf  fM^nfl  *             

Nebraska 

Sept.   1 

Sept.    1  to  Oct.     5 
Aug.  15  to  Oct.   25 
Aug.    1  to  Nov.    1 

New  Jersey 

Oct.     1  to  Nov.    1 

New  Mexico 

New  York 

Aug.  15  to  Oct.    15 
Aug.    1  to  Sept.  15 

Aug.    1  to  Nov.    2 
Aug.  10  to  Nov.  15 

OWo 

On^on .  .......... 

Sept.    1  to  Nov.    1 
Aug.    1  to  Nov.    1 

Perififyivmift 

Feb.  15  to  Sept.  15 

Tonneawo .  ...  . 

Oct.        to  Nov. 
July    1  to  Sept.   1 

July   15  to  Oct.   15 
June  15  to  Sept    1 
Aug.    7  to  Oct.   30 

TeioB ..     . 

Utah 

Vlrirfnli^ .  . 

Aug.  15  to  Oct.    15 

WAfifVMnH 

Aug.    1  to  Nov.    7 

WtaMwii^n 

Aug.  15  to  Oct.     1 

DETAILED  CONSIDEBATION  OF  THE  VABIOTJS  PBODUCTS. 


FRUITS. 


General  Discussion. 


Fruits  are  the  easiest  of  all  articles  to  can,  boiling  for  a  short 
period  being  suflBcient  to  sterilize  in  nearly  all  cases.  Formerly  it 
was  the  practice  to  pack  all  fruit  in  No.  3  cans,  but  within  the 
past  few  years  a  change  has  taken  place;  eastern  fruits,  especially 
the  high  grade,  are  put  up  in  No.  2  cans.    The  apple  is  the  one  excep- 
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tion  to  the  rule.  California  fruits  are  packed  in  No.  2  and  No.  2^ 
cans,  the  No.  3  can  being  almost  wholly  supplanted  by  the  smaller 
size.  In  displacing  the  No.  3  can,  the  open-top  can  has  been  sub- 
stituted for  the  solder  top,  with  the  result  that  the  cans  may  be  filled 
with  less  injury  to  the  fruit  and  may  be  sealed  full.  The  quantity 
obtained  in  the  No.  2J  open-top  can  is  in  most  cases  equal  to  or  more 
than  was  obtained  in  the  solder-top  No.  3,  and  it  is  in  better  con- 
dition. 

In  the  canning  of  fruits  the  general  practice  is  to  fill  the  can  level 
full,  or  nearly  so,  without  crushing,  and  then  add  the  necessary  sirup. 
The  sirup  will  abstract  a  certain  amount  of  juice,  so  that  the  can 
will  not  be  full  upon  opening,  and  this  condition  will  vary  with 
the  different  fruits.  The  softer  the  fruit,  such  as  strawberries,  the 
less  will  be  the  fill,  while  hard  fruits,  such  as  pears,  will  be  scarcely 
affected.  The  question  of  fill  will  depend  in  part  upon  the  variety 
of  the  fruit  used,  the  state  of  maturity,  the  density  of  the  sirup,  and 
the  time  of  processing.  The  proper  selection  and  handling  of  the 
fruit  so  as  to  get  a  can  with  all  the  desirable  qualities  distinguishes 
the  real  canner. 

The  weight  of  fruit  used  in  a  can  will  vary  somewhat  when  the  fill 
is  made  by  volume,  as  the  interspaces  in  the  case  of  large  and  small 
fruit  or  soft  and  hard  are  not  the  same.  In  order  to  secure  greater 
uniformity,  it  has  been  proposed  by  one  of  the  packers'  associations 
to  fill  all  fruits  by  weight,  21  oimces  for  a  No.  2^  and  22  ounces  for  a 
No.  3  can,  before  cooking.  This  is  a  fair  average  fill  for  small  or 
sliced  fruits,  but  peaches  in  large  pieces  or  whole  pears,  plums,  etc, 
will  weigh  less. 

In  the  packing  of  high-class  fruits  sirup  is  used,  and  this  may 
vary  from  a  very  light  to  a  heavy  sirup,  or  between  10  and  60  degrees. 
Most  fruits  require  the  addition  of  sugar  before  they  are  used,  and 
it  should  be  added  during  cooking,  and  in  canning  it  has  a  grefat 
deal  to  do  with  the  development  of  the  proper  flavor.  The  water 
pack  is  used  only  upon  the  poor  grades,  or  pie  stock.  The  amount  of 
sugar  used  will  depend  upon  the  acidity  of  the  fruit  and  the  flavor 
desired.  It  is  unsafe  to  follow  a  rule-of-thumb  method  to  get  the 
highest  class  goods;  and  as  the  real  flavor  will  not  develop  until  the 
foods  have  been  put  up  for  some  weeks,  it  requires  an  expert  to 
determine  the  proper  sirup. 

Apples  (Ptbus  malus). 

Apples  used  for  canning  should  be  of  such  varieties  as  cook  well. 
They  should  be  slightly  acid,  smooth  and  sound,  and  without  bruised 
spots.  Poor  apples  can  not  be  used  in  canning  and  make  a  first-class 
product.     The  peeling  is  done  by  hand  or  power  peelers  and  the 
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core  removed  by  the  same  operation  or  with  a  coring  machine.  Apples 
which  are  intended  for  dumplings  are  left  whole  and  graded  into 
size  to  give  a  certain  number  to  the  can,  but  those  intended  for  pies 
or  other  cooking  purposes  are  sliced  in  quarters  or  smaller  pieces. 
The  peeled  apple  is  placed  in  cans  as  quickly  as  possible  and  hot 
water  added  to  make  the  fill.  If  the  apples  can  not  be  packed  in 
the  can  at  once,  they  are  held  in  tubs  of  cold  water  to  prevent  their 
oxidizing  or  turning  brown.  The  process  on  apples  is  about  8  min- 
utes at  212°  F.  for  No.  3  cans  and  about  10  minutes  for  No.  10  cans. 

Apricots  (Prunus  armeniaca). 

Apricots  are  produced  almost  exclusively  for  canning  in  California. 
They  are  grown  and  handled  the  same  as  peaches,  though  not  quite 
so  carefully,  and  are  graded  for  size  by  running  over  screens  having 
openings  of  forty,  forty-eight,  fifty-six,  sixty-four,  and  sixty-eight 
thirty-seconds  of  an  inch,  respectively.  The  ripe  apricot  is  not  peeled, 
as  a  rule,  but  the  skin  is  well  wiped  either  by  hand  or  machine,  after 
which  the  fruit  is  pitted.  The  canning  operation  is  the  same  as  for 
the  peach,  though  the  sirup  used  is  generally  lighter.    (See  Peaches.) 

Blackberries  (Rubus  villosus). 

Blackberries  should  be  given  the  same  kind  of  treatment  as  rasp- 
berries, though  they  are  more  solid  and  will  stand  being  handled  in 
larger  volume.  They  do  not  require  so  heavy  a  sirup.  (See  Rasp- 
berries.) 

Cherries  (Prunus  cerasus). 

Cherries  should  be  brought  to  the  factory  in  small  boxes  just  as 
they  are  handled  for  the  retail  trade.  They  should  be  stemmed  and 
t^en  washed.  The  California  fruit  is  graded  for  size  over  screens 
having  openings  of  twenty-two,  twenty-four,  twenty-six,  twenty- 
eight,  and  thirty-two  thirty-seconds  of  an  inch.  The  cherries  may 
or  may  not  be  pitted,  but  generally  it  is  preferable  that  this  be  done. 
The  new  machines  do  the  pitting  rapidly  and  well.  The  cherry  rests 
in  a  cup-shaped  opening  and  the  seed  is  forced  out  by  a  small  cross- 
shaped  plunger.  There  is  naturally  some  lacerating  of  the  flesh,  but 
not  more  than  is  usual  in  the  pitting  by  hand.  After  the  cherries  have 
been  pitted  they  should  not  be  permitted  to  accumulate  in  masses  of 
more  than  2  inches  in  depth.  The  quantity  should  be  weighed  for 
each  can  and  a  heavy  sirup  added,  or  they  should  be  heated  in  a  pre- 
serve kettle  and  filled  in  the  cans  hot.  The  latter  method  gives  a 
better  fill,  but  breaks  or  tears  the  fruit  to  a  greater  extent.  The 
enameled  can  is  preferable  for  this  fniit.  The  process  is  18  minutes 
for  a  No.  2^  can.  White  cherries  are  usually  canned  without  pitting, 
and  in  a  lighter  sirup  than  is  used  upon  the  red. 
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Gooseberries   (Rubus  orossularia). 

Few  gooseberries  are  canned,  and  these  are  largely  used  for  pies. 
The  berries  are  gathered  when  nearly  ripe  and  are  handled  in  bas- 
kets and  shallow  boxes.  The  first  operation  at  the  factory  is  to  re- 
move the  stems  and  brown  blossom  ends.  This  was  done  formerly 
by  running  them  over  a  vibrating  screen  upon  which  was  directed  a 
strong  blast  of  air.  This  removed  part  of  the  blossoms  and  stems, 
and  the  remainder  were  either  rubbed  off  by  hand  or  were  passed  with 
the  fruit.  An  improved  gooseberry  cleaner  consists  of  a  slitted  disk, 
below  which  parallel  knives  revolve.  The  berries  are  poured  above 
the  disk  and  made  to  roll  over  and  over  by  light  dragging  chains. 
This  causes  the  stem  or  blossom  to  fall  into  the  slits,  where  they  are 
cut  off  close  to  the  berry.  The  berries  are  then  washed  and  filled 
into  cans  by  weight.  Those  intended  for  pie  making  usually  have 
only  water  added,  while  those  for  the  general  trade  have  a  sirup. 
The  filling,  exhausting^  and  capping  are  the  same  as  for  other  berries. 

Grapes  (Vitis  vinifera). 

Grapes  have  not  been  used  very  extensively  for  canning  purposes, 
but  there  has  been  a  noticeable  increase  in  the  past  few  years.  In 
the  East  the  white  variety  is  used  almost  exclusively,  but  on  the 
west  coast  both  the  white  and  the  colored  grapes  are  canned.  They 
are  gathered  when  the  flavor  is  fully  developed,  but  the  fruit  is  firm. 
The  bunches  are  hand  picked,  washed,  and  put  in  cans  to  within  one- 
fourth  of  an  inch  from  the  top.  A  hot  sirup  is  added,  the  cans  are 
exhausted,  and  then  closed.  The  process  is  about  14  minutes  at 
212®  F.  for  a  No.  2J  can.  In  California  the  grapes  are  also  graded 
by  size,  being  run  over  screens  having  holes  twenty,  twenty-two, 
twenty-four,  and  twenty-six  thirty-seconds  of  an  inch  in  diameter. 
The  sizes  thus  separated  are  not  indicated  on  the  label  and  the  con- 
sumer is  unaware  of  this  refinement  except  as  it  is  indicated  by  the 
price. 

Peaches  (Prunus  persica). 

The  peach  is  one  of  the  most  popular  fruits  canned  and  the  quan- 
tity so  used  is  enormous.  It  leads  all  other  fruits  in  value.  The 
principal  packing  is  done  in  California,  New  York,  and  Michigan. 
In  California  the  lemon  cling,  or  some  one  of  its  varieties,  is  the 
favorite,  while  in  New  York  and  Michigan  the  freestone  variety  is 
preferred.  The  growing,  picking,  and  handling  are  the  same  as  for 
the  market;  that  is,  they  are  hand  picked  just  before  turning  soft 
and  handled  in  crates  or  baskets. 

The  conditions  for  growing  peaches  are  so  favorable  in  California 
and  they  acquire  such  size  that  they  are  purchased  on  the  basis  of 
being  2J  inches  or  more  in  diameter,  those  below  that  size  being  re- 
ceived at  a  reduced  price.    The  eastern  packers  can  not  make  such 
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close  discrimination.  If  the  peaclies  are  well  ripened,  they  are  run 
through  the  factory  at  once.  If  they  are  under  ripe,  or  hard,  they 
may  be  kept  in  a  cool  place  for  a  time.  It  is  the  practice  of  some 
to  pick  the  peaches  over  each  day  and  take  them  out  when  at  their 
best,  but  as  a  rule  they  are  held  until  all  can  be  used  at  the  same 
operation.  Holding  the  fruit  in  cold  storage  is  not  advisable,  as  the 
flavor  is  impaired.  Some  varieties  of  peaches  are  graded  for  size 
before  peeling,  and  this  is  done  on  an  orange  grader,  the  space  be- 
tween the  rolls  being  adjusted  to  deliver  three,  four,  or  five  sizes  as 
desired.  When  the  lye-peeling  system  is  used  the  grading  is  gen- 
erally done  after  peeling.  The  holes  in  the  screen  are  sixty-four, 
sixty-eight,  seventy-two,  and  seventy-six  thirty-seconds  of  an  inch  in 
diameter,  which,  with  those  that  will  not  go  through  the  largest 
opening,  gives  five  sizes.  Careful  grading  for  size  is  almost  wholly 
limited  to  the  California  product 

There  are  three  methods  of  peeling :  By  hand,  with  the  knife ;  by 
steaming  and  slipping  the  skin ;  and  by  the  use  of  lye.  There  have 
been  some  machines  devised  for  peeling,  but  they  have  been  used  but 
little.  The  knife  used  for  hand  peeling  is  provided  with  a  somewhat 
curved  blade  and  a  guard  to  limit  the  depth  of  the  cut.  This  is  the 
method  used  almost  exclusively  in  the  East  and  on  a  portion  of  the 
California  pack.  After  the  peach  is  peeled  it  is  split  along  the  line 
of  natural  cleavage  and  the  pit  forced  out  in  the  freestone  or  removed 
with  a  pit  spoon  in  the  cling  varieties. 

Peeling  by  means  of  steam  is  possible  with  only  a  few  varieties. 
This  method  consists  in  splitting  the  peach,  removing  the  pit,  and 
placing  the  halves  in  a  single  layer,  split  side  down,  in  a  tray  which 
has  a  covering  of  cheesecloth.  When  the  tray  is  covered,  the  cheese- 
cloth is  folded  over  the  peaches  and  the  tray  slipped  into  a  steam 
box.  The  peaches  are  heated  in  this  way  for  about  3  minutes  and 
then  the  skin  may  be  slipped  by  picking  it  up  between  the  fingers. 
This  method  involves  very  careful  work,  but  results  in  a  handsome 
product. 

When  the  lye  system  is  used,  the  peaches  are  first  split  and  pitted 
and  the  halves  placed  in  special  machines  containing  hot,  weak  solu- 
tions of  caustic  soda  or  lye.  They  are  carried  through  just  fast 
enough  to  allow  the  peel  to  be  removed,  the  time  usually  being  12  to 
18  seconds.  As  soon  as  they  emerge  from  the  soda  solution  they  are 
thoroughly  sprayed  and  are  kept  under  sprays  or  in  water  until  they 
are  placed  in  the  can.  AVhere  the  lye  peelers  are  installed,  the 
peaches  are  usually  delivered  to  the  filling  tables,  graded  into  sizes, 
as  already  indicated,  but  the  fillers  sort  for  quality,  separating  the 
pieces  perfectly  ripened,  tliose  unevenly  ripened  or  defective  in  color, 
and  those  imperfect  in  fonn  or  in  quality. 
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With  these  different  grades  60°,  50%  40°,  30°,  and  20°  sirups  are 
used.  In  addition  peaches  are  canned  in  slices,  and  while  formerly 
it  was  the  practice  to  use  the  imperfect  halves  and  small  sizes  for 
this  class,  now  equally  as  good  stock  is  used  and  siruped  in  the  same 
way  as  the  halves.  There  is  a  grade  of  water  or  pie  peaches  made 
from  the  lower  grade  stock.    The  cans  are  filled  by  weight. 

One  of  the  best  factories  using  the  steaming  system  to  loosen 
the  skins,  placed  the  peeled  peaches  on  pie  plates  and  weighed  the 
quantity  necessary  to  till  each  can.  The  plate  was  washed  every  time 
it  was  used 

Hot  sirup  of  the  degree  desired  is  added  to  each  can  until  it  is 
full.  It  is  exhausted  for  3  minutes  and  processed  for  25  minutes  at 
boiling  temperature. 

Peabs  (Ptbus  communis). 

Pears  used  in  canning  are  grouped  generally  in  two  classes,  hard 
and  soft,  the  former  being  represented  by  the  Kiefer  and  the  latter 
by  the  Bartlett.  While  the  Kiefer  yields  very  well,  the  consumption 
is  small,  largely  because  of  the  poor  quality;  the  Bartlett  is  much 
better,  but  often  the  label  does  not  adequately  tell  the  story. 

The  canning  of  pears  is  similar  to  that  of  canning  apples.  The 
work  of  peeling,  coring,  and  halving,  however,  is  done  by  hand. 
Considerable  care  is  taken  in  trimming  to  a  symmetrical  form  and 
in  removing  the  core  to  cut  away  only  so  much  as  may  be  necessary 
to  remove  all  trace  of  seed  cells.  They  are  graded  in  three  classes, 
dependent  upon  size  or  number  of  pieces  required  to  fill  a  can,  and 
uniformity  of  shape  and  texture.  This  is  done  according  to  the 
judgment  of  the  filler  and  not  by  machine.  They  are  put  into  cans 
the  same  as  apples  and  a  sirup  is  generally  used  instead  of  hot  water, 
as  it  retains  the  flavor  much  better.  The  process  is  16  minutes  at 
212°  F.  for  No.  2J  cans. 

Plums  (Pbunus  domestica). 

The  classes  of  plums  are  generally  quoted  on  the  market  as  green 
gage,  yellow  egg,  and  Lombard.  Other  varieties  are  used,  but  these 
are  the  popular  ones.  The  plums  are  selected  when  just  ripening. 
On  the  Pacific  coast  they  are  graded  for  size  by  running  them  over 
screens  having  openings  thirty-two,  forty,  forty-eight,  and  fifty-six 
thirty-seconds  of  an  inch  in  diameter.  They  are  washed,  put  in  cans 
with  sirup,  and  processed  14  minutes  at  212°  F.  for  a  No.  2|  can. 

Raspbebries   (Rubus  occidentalis  and  R.  idaens). 

Raspberries  are  grown  and  harvested  the  same  as  for  the  market 
and  should  be  delivered  to  the  factory  in  berry  boxes.  At  the  factory 
they  are  handled  in  exactly  the  same  manner  as  are  strawberries. 
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Red  raspberries  and  black  caps  should  be  kept  separate.  Columbia 
berries  are  regarded  as  inferior  in  appearance  to  Cuthberts,  being 
less  bright  in  color,  but  they  have  excellent  flavor.  The  use  of  a  sirup 
of  the  right  density  has  much  to  do  in  bringing  out  the  full  flavor. 
The  cans  should  be  enaraeled-lined  to  retain  both  color  and  flavor. 
The  process  is  12  minutes  at  212®  F. 

Strawberries  (Fraoaria  viroiniana). 

Strawberries  used  for  canning  are  grown  the  same  as  for  market, 
and  such  varieties  as  are  firm  and  of  uniform  size  should  be  used. 
They  should  have  a  well-developed  flavor,  a  little  more  acid  than  is 
desired  for  eating  raw.  They  should  be  gathered  the  same  as  for  the 
market,  in  boxes  holding  not  more  than  1  quart  and  preferably  only 
1  pint,  the  object  being  to  deliver  them  in  the  best  possible  condition, 
without  bruising  or  mashing. 

A  distinctive  method  of  handling  berries  on  the  Pacific  coast  is  in 
a  chest  of  shallow  crates.  These  chests  are  well  made  and  hold  four 
tiers  of  five  trays  each.  Each  tray  measures  about  8  inches  wide, 
15  inches  long,  and  1^  inches  deep  inside.  The  boxes  holding  the 
berries  are  therefore  very  shallow  and  there  may  be  two  or  more  in 
a  tray.  The  fruit  arrives  at  the  factory  or  market  with  the  mini- 
mum of  bruising. 

On  arrival  at  the  factory  different  methods  are  followed,  but  one 
of  the  best,  as  practiced  by  one  of  the  large  packers,  is  as  follows: 
The  boxes  are  delivered  to  tables,  where  they  are  turned  out  upon 
enamel  pie  plates.  The  berries  are  stemmed,  defective  ones  sorted 
out,  and  any  foreign  substance  removed.  The  plate  containing  the 
berries  from  a  single  box  is  passed  to  another  helper,  who  washes  the 
fruit  under  a  spray ;  the  next  one  weighs  each  plate  and  adds  the  cor- 
rect amount  to  fill  one  can.  The  berries  are  poured  from  the  plate 
into  the  can,  in  which  operation  a  special  half  funnel  is  sometimes 
used.  The  can  should  be  filled  a  little  above  the  level.  Hot  sirup 
is  added  and  the  can  given  a  2-minute  exhaust,  sealed,  and  processed 
for  14  minutes  at  212°  F.  The  cans  should  be  preferably  enamel 
lined,  with  open  tops. 

In  the  handling  of  the  fruit  at  this  plant  the  pans  are  washed  after 
each  separate  usage.  The  work  involved  is  greater  than  in  some 
other  systems,  but  the  product  can  hardly  be  excelled  in  cleanliness 
and  in  flavor. 

At  some  other  plants  the  berries  are  stemmed  from  the  baskets  and 
are  run  through  a  fruit  washer  to  remove  any  leaves  or  dirt ;  they  are 
then  filled  directly  into  cans  without  weighing  or  are  collected  in 
large  pans,  and  when  a  sufficient  quantity  has  accumulated  are  then 
put  into  a  preserving  kettle  with  sugar  and  heated  until  they  just 


Digitized  by 


Google 


VEGETABLES.  43 

come  to  a  boil.    The  berries  and  their  sirup  are  then  filled  into  the 
cans. 

Strawberries  do  not  admit  of  being  handled  by  automatic  machin- 
ery. The  stemming  must  be  done  by  hand,  but  in  the  plate  system 
they  are  not  touched  after  once  being  washed.  In  the'  system  in 
which  considerable  dependence  is  placed  upon  the  fruit  washer  the 
cleaning  is  well  done,  and  in  a  manner  not  to  injure  or  break  the 
fruit.  Cans  which  are  well  filled  with  cold  fruit  will  not  be  full  of 
fruit  after  processing.  The  heat  causes  the  breaking  down  of  the 
tissue  and  consequent  loss  of  juice,  so  that  the  berries  will  float. 
Berries  heated  with  sugar  in  the  preserve  kettle  will  give  a  better  fill 
in  the  can,  as  more  juice  is  cooked  out  than  can  be  returned  to  fill 
the  space  between  the  solids.  In  this  practice  there  is  a  distinct 
difference  between  the  manufacturer  who  attempts  to  give  a  can 
with  the  maximum  of  food  solids  and  the  one  who  cooks  the  berries 
to  abstract  the  juice  for  other  use,  such  as  fruit  sirups  for  soft 
drinks.  A  sirup  should  be  used  in  all  cans,  as  it  holds  «the  flavor  much 
better  than  water.  Sugar  is  always  used  with  such  fruit,  and  the 
proper  time  for  its  application  is  when  it  is  being  cooked.  The 
degree  or  density  of  the  sirup  is  a  matter  of  taste,  but  preferably  it 
should  be  fairly  heavy.  The  enamel-lined  can  is  decidedly  the  best 
for  preserving  flavor  and  color,  and  also  for  resisting  the  action  of 
the  fruit  on  the  can.  Strawberries  are  also  put  up  in  glass  and 
given  the  same  general  treatment. 

VEGETABLES. 

AsPAKAOus  (Asparagus  officinalis). 

Almost  the  entire  asparagus  pack  of  the  United  States  is  put  up 
in  California.  The  asparagus  beds  are  located  on  the  bottom«lands 
which  have  been  reclaimed  from  the  Sacramento  and  San  Joaquin 
Kivers  and  are  exceedingly  rich.  Dykes  have  been  constructed,  canals 
dug,  and  pumping  machinery  installed,  so  that  it  is  possible  for  the 
growers  to  control  the  conditions  to  such  a  degree  as  to  produce 
enormous  yields  of  a  very  high  quality.  The  advantage  is  so  great 
that  other  points  can  not  compete  successfully. 

The  asparagus  is  grown  in  large  fields  in  rows,  and  in  the  fall 
the  plants  are  cut,  the  tops  acting  as  a  mulch.  The  earth  is  banked 
over  the  rows  to  the  depth  of  a  foot  or  more.  In  the  spring  the 
stalks  come  through  this  light  soil  and  mulch  and  are  practically 
bleached.  They  are  cut  every  day  or  every  other  day,  the  stalks 
being  selected  just  as  they  appear  through  the  ground.  The  work 
of  cutting  must  all  be  done  by  hand  by  means  of  a  long  chisel-like 
knife,  and  is  very  laborious.  The  object  is  to  cut  the  stalk  back  7 
inches  or  more.    The  asparagus  is  collected  in  hampers  or  crates  and 
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hauled  promptly  to  the  cannery.  It  is  essential  that  the  work  be 
done  promptly  to  insure  a  crisp  article.  A  delay  will  cause  a  fine 
product  to  become  tough  and  stringy.  At  the  factory  the  first  opera- 
tion is  to  turn  the  crate  upon  a  sorting  table,  where  the  stalks  are 
sorted  into  five  grades,  based  on  size,  also  into  two  qualities,  de- 
pendent upon  whether  the  stalks  are  wholly  blanched  or  partiaUy 
green.  A  further  sorting  is  made,  dependent  upon  whethw  the 
stems  are  straight  or  crooked.  All  the  sorting  is  done  by  hand. 
The  five  grades  for  size  are  known  as  giant,  mammoth,  large,  medium, 
and  small,  and  these  are  based  upon  the  number  of  stalks  which  will 
go  into  a  standard  No.  2^  square  can.  With  giant  stalks  about  14 
are  required;  mammoth,  20  to  22;  large,  30  to  33;  medium,  40;  and 
small,  50.  What  are  known  as  asparagus  tips  are  put  up  in  cans 
just  one-half  the  regular  size,  and  about  30  per  cent  more  stalks  are 
required  to  fill  the  can.  What  are  known  as  hotel  tips  are  the  cut- 
tings made  in  trimming  the  asparagus  to  size,  and  the  whole  stalks 
which  are  crooked  or  deformed.  The  quality  of  these  is  just  as  good 
as  the  other,  though  not  so  pleasing  in  appearance.  Some  of  the 
large  asparagus  is  peeled,  or  stripped,  as  the  operation  is  more  prop- 
erly called. 

After  the  grading  the  tips  or  stalks  are  cut  in  lengths  to  fit  the 
can,  and  then  thoroughly  washed  in  cold  water.  They  are  next 
blanched  in  wire  baskets,  the  stalks  being  held  in  position  so  that 
they  will  not  move  about.  The  length  of  the  blanch  depends  upon 
the  condition  of  the  stalks,  being  a  mere  dip  in  hot  water  in  some 
cases,  and  as  long  as  3  minutes  in  case  of  advanced  growth.  On 
coming  out  of  the  blanch  they  are  dipped  in  or  sprayed  with  cold 
water  to  prevent  softening,  after  which  the  cans  are  filled  inmiedi- 
ately.  A  light  brine  is  used  to  fill  the  interspaces,  the  can  exhausted, 
the  cap  placed  on,  and  a  process  of  240°  F.  given  for  12  minutes. 
The  cans  must  be  well  cooled  at  once. 

A  great  deal  of  fancy  is  shown  by  the  consuming  public  in  buying 
asparagus.  The  absolutely  white  is  demanded,  and  brings  a  premium 
of  from  25  to  50  per  cent  in  the  market.  The  green  is  just  as  good 
and  in  many  instances  better,  though  it  does  not  look  quite  as  attract- 
ive, and  the  liquor  is  likely  to  have  a  more  or  less  cloudy  appearance, 
due  in  part  to  the  breaking  of  tips  and  side  buds. 

Beans,  Green  (Phaseolus  nanus). 

String  beans  form  a  regular  side  dish  at  almost  every  hotel,  and 
they  are  generally  the  canned  article.  There  is  a  large  pack  of  beans 
put  up  each  year,  and  while  hotels  and  restaurants  were  formerly 
the  principal  buyers,  a  large  demand  for  home  use  has  been  created 
in  the  past  few  years.  The  beans  raised  for  canning  are  produced 
the  same  as  for  the  market.    The  growth  is  best  when  the  season  is 
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fairly  moist  and  cool,  the  majority  being  produced  in  northern  New 
York  and  Michigan,  and  more  recently  large  packs  have  been  put  up 
in  Wisconsin. 

The  beans  are  picked  by  hand  and  the  object  is  to  gather  them 
as  young  as  possible.  The  best  are  about  2^  inches  long  and  less 
than  a  fourth  of  an  inch  in  thickness ;  the  large  beans  become  tough 
and  stringy.  At  the  factory  the  beans  are  graded  in  five  sizes  by 
means  of  special  machinery,  the  essential  feature  of  which  is  a  series 
of  vibrating  screens  made  of  rods  or  bars  running  in  one  direction. 
These  rods  are  generally  set  eighteen,  fourteen,  eleven,  and  eight 
sixty-fourths  of  an  inch  apart.  The  beans  are  fed  in  over  the  coarser 
screen  first  and  those  which  fail  to  pass  through  constitute  one  grade, 
and  as  they  pass  to  each  succeeding  screen  the  next  larger  sizes  are 
separated  and  the  smallest  pass  through  the  last.  The  work  is  done 
better  than  was  formerly  done  by  hand. 

The  next  step  is  to  snip  or  string  the  beans.  Some  varieties  of 
beans  are  so  nearly  stringless  that  the  simple  snipping  of  the  ends  is 
sufficient,  but  when  they  become  old,  hand  stringing  is  necessary. 
The  cutting  of  the  ends,  or  snipping  as  it  is  called,  can  be  done  well 
by  machinery.  It  is  also  the  practice  to  cut  the  large  beans  in  lengths 
of  about  1  inch.  All  beans  are  well  washed,  placed  in  wire  baskets 
and  blanched,  or  they  may  be  blanched  in  the  cylinders  used  for 
peas.  The  time  required  for  blanching  will  vary  with  the  age ;  the 
small  ?ize  of  young  beans  will  require  only  about  1^  minutes,  the 
larger  ones  if  tender  will  require  about  4  minutes,  and  if  hard  and 
tough  they  may  require  8  or  9  minutes.  It  is  the  rule  of  good  process- 
ors to  blanch  until  the  beans  are  tender,  irrespective  of  time,  and  for 
that  reason  many  prefer  the  basket  in  a  tank  of  boiling  water  to  the 
pea  blancher. 

The  blanched  beans  are  filled  into  the  can  by  means  of  a  special 
bean  filler.  This  machine  carries  a  tray,  holding  4  dozen  cans,  and 
has  a  hopper  above  it  with  holes  corresponding  to  each  can.  The 
beans  are  poured  into  the  hopper,  the  quick  vibrating  motion  of 
which  shakes  the  beans  into  the  can.  As  a  further  precaution 
against  short  weight,  each  can  is  weighed  and  any  deficiency  in  fill 
is  made  up  by  hand.  A  weak  hot  salt  brine  is  used  to  fill  the  inter- 
spaces in  the  cans,  which  are  exhausted,  capped,  and  processed  for 
30  minutes  at  240°  F. 

as  for  peas.  A  full  can  should  weigh  not  less  than  13  ounces,  ex- 
clusive of  the  liquor. 

Beans,  Lima   (Phaseolus  lunatus). 

Lima  beans  are  grow  n  for  canning  both  as  a  green  bean  and  as  the 
bean  in  succotash.  There  are  two  varieties,  the  pale  or  true  Lima 
and  the  bush  variety.     The  former  is  but  little  grown  for  canning, 
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as  it  must  be  gathered  by  hand  the  same  as  string  beans,  while  in 
the  case  of  the  bush  beans  the  whole  vine  is  taken  up  and  hauled 
to  the  factory,  as  in  the  case  of  pea  vines,  and  then  nm  through 
a  pea  viner  to  shell  the  beans.  The  speed  of  the  viner  is  changed 
to  meet  the  altered  conditions.  The  beans  are  graded  generally 
into  four  sizes,  if  canned,  but  are  left  ungraded  if  intended  for 
succotash.  It  is  also  becoming  the  custom,  as  with  peas,  to  can 
some  beans  ungraded.  A  better  flavor  seems  to  result  from  the  com- 
bination than  is  found  when  they  are  canned  separately.  The  sizes 
are  as  follows,  and  are  obtained  by  sifting  over  the  screens  with  open- 
ings twenty- four,  thirty,  thirty-one,  and  thirty-two  thirty-seconds  of 
an  inch.  Those  passing  through  the  first  screen  are  called  tiny; 
through  the  second  screen,  fancy ;  through  the  third  screen,  medium ; 
through  the  fourth,  standard.  Those  passing  over  the  last  screen 
are  sometimes  designated  large  or  mammonth  beans.  The  beans  are 
blanched  the  same  as  peas,  and  the  can  filled,  so  that  after  processing 
it  will  be  full  and  just  covered  with  brine.  The  process  is  the  same 
as  for  peas.  A  full  can  should  weigh  not  less  than  13  ounces,  ex- 
clusive of  the  liquor. 

Beans,  Wax. 

Wax  beans  are  handled  in  the  same  way  as  string  beans.  More 
attention,  however,  is  paid  to  sorting,  a6  any  spot  will  show  on  the 
light  surface.  The  weight  of  the  beans  in  the  can  should  be  not  less 
than  10  ounces,  exclusive  of  the  liquor. 

Beets  (Beta  vulgaris). 

Beets  grown  for  canning  must  be  of  a  deep-red  variety,  evenly 
colored  throughout.  Pale  or  uneven  colored  beets  present  a  very 
poor  appearance  in  the  can.  The  beets  used  for  canning  are  mostly 
grown  in  New  York*  and  are  cultivated  the  same  as  for  the  garden, 
but  in  large  acreage.  The  tops  are  cut  off  and  they  are  hauled  to 
the  factory  as  are  tomatoes.  The  time  of  packing  is  in  the  fall, 
usually  the  latter  part  of  September. 

At  the  factory  the  beets  are  graded  into  four  sizes — small,  some- 
times called  rosebud,  the  beet  being  less  than  1  inch  in  diameter; 
medium,  the  beets  being  from  1  to  1^  inches  in  diameter;  large,  those 
from  1^  to  2  inches;  and  very  large,  those  over  2  inches.  The  very 
large  beets  must  be  cut  into  pieces  for  canning,  and  for  that  reason 
are  called  cut  beets.  The  grading  is  done  in  a  wooden  squirrel  cage 
having  the  slats  set  at  proper  distances  or  over  tables  having  holes  of 
the  size  indicated. 

After  being  graded  the  beets  are  soaked  in  tanks  of  water  to 
soften  the  adherent  dirt  and  then  sprayed  well.  The  beets  are  next 
placed  in  large  iron  crates  or  heavy  iron  baskets,. placed  in  the  retort. 
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and  steamed  for  20  minutes  at  220®  F.  This  loosens  the  skin  so  that 
they  may  be  peeled  with  the  best  possible  results.  The  peeling  is 
done  by  hand,  as  is  also  the  fiUing  of  the  cans.  Only  water  is  used 
on  the  beets,  though  salt  may  be  added  at  the  rate  of  a  teaspoonful 
to  the  can ;  enamel  cans  should  be  used,  otherwise  the  beets  will  be 
discolored.    The  process  on  beets  is  245°  F.  for  1  hour. 

Corn,  Sweet  (Zea  mays). 

Canned  corn  is  the  result  of  the  persistence  of  Isaac  Winslow,  of 
Maine.  He  was  a  sailor  by  occupation,  and  in  his  wanderings  upon 
the  high  seas  visited  France  and  learned  of  the  method  of  preserving 
food  by  canning.  The  advantage  of  such  foods,  particularly  to 
sailors,  was  obvious.  Mr.  Winslow  began  experimenting  on  the 
canning  of  com  in  1839,  the  first  trials  consisting  in  boiling  the  com 
on  the  kitchen  stove  for  varying  periods  of  time.  The  cans  were 
marked  and  a  record  kept  of  each  lot.  The  results  were  mostly  fail- 
ures, but  a  sufficient  number  of  cans  were  saved,  and  these  were  of 
such  good  quality  that  the  efforts  were  continued.  The  succeeding 
years  gave  essentially  the  same  result  In  1843  he  built  a  small  boiler 
to  generate  steam  and  a  wooden  box  in  which  to  put  the  cans,  so  that 
the  cooking  might  be  done  in  a  closed  steam  chamber.  As  the  results 
were  less  successful  than  in  the  previous  years,  the  steam  box  was 
discarded.  It  was  not  until  1853  that  he  had  sufficient  success  to  war- 
rant applying  for  a  patent  on  his  method,  and  it  was  regarded  with 
90  much  distrust  that  the  letters  were  not  granted  until  1862.  Wins- 
low first  packed  the  corn  on  the  cob,  but  this  was  bulky,  and  he 
believed  that  the  cob  absorbed  some  of  the  sweetness.  He  next  pulled 
the  kernels  off  the  cob  with  a  fork,  and  finally  cut  the  corn  with  a 
case  knife.  Winslow's  apparatus  and  methods  were  crude,  but  he 
discovered  the  principles  which  underlie  the  canning  of  com.  It 
may  also  be  said  that  he  and  his  successors  brought  fame  to  Maine 
com  as  a  canned  product,  and  this  reputation  persists  to  the  present 
time. 

The  canning  of  com  is  a  large  industry  in  Maine  and  other  States 
extending  from  New  York  to  Maryland,  west  to  Iowa,  and  north  to 
Minnesota.  In  most  of  the  Eastern  States  the  crop  is  grown  by 
numerous  farmers  in  small  patches  of  a  few  acres,  while  several  of 
the  western  factories  raise  their  own  corUj,  covering  hundreds  of 
acres.  At  Hoopeston,  111.,  two  canneries  use  the  product  of  7,500 
acres.  Claims  are  made  that  certain  sections  produce  better  and 
sweeter  com  than  others.  This  is  not  always  sustained  by  facts, 
for  quality  is  also  affected  by  the  variety  and  state  of  maturity  when 
gathered.  Again,  some  canners  pay  more  attention  to  the  quantity 
of  com  grown  on  an  acre  than  to  the  quality.  The  seed  used  is 
grown  by  specialists,  as  a  rule,  and  a  very  large  part  of  it  comes 
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from  Connecticut,  a  Stat©  in  which  no  canning  of  com  is  done.  The 
type  of  com  used  now  is  quite  different  from  that  canned  several 
years  ago.  The  effort  is  to  develop  a  tender,  fine-flavored  sweet 
com.  The  ears  are  of  two  types,  those  having  large,  flat  kemels 
arranged  in  rows  and  those  with  small,  long  kemels  irregularly 
placed.  Stowell's  Evergreen  is  typical  of  the  former  type  and 
Country  Gentleman  of  the  latter.  The  corn  is  planted  and  culti- 
vated like  field  corn,  and  is  gathered  by  snapping  off  the  ear  when 
it  is  in  its  prime.  The  ears  are  hauled  to  the  factory  in  the  husk 
in  order  to  protect  the  kemels  from  injury  in  handling  and  from 
dirt  and  exposure. 

A  modern  corn-canning  plant  is  a  large  establishment,  equipped 
with  valuable  automatic  machinery  to  do  the  work  in  a  rapid,  cleanly 
manner.  "When  the  com  arrives  at  the  factory  it  is  dumped  from 
the  wagon  onto  a  conveyer,  which  carries  the  ears  to  different  parts 
of  the  husking  shed  as  they  are  needed.  Most  of  the  husking  is 
done  by  hand,  but  this  will  undoubtedly  give  way  to  machine  meth- 
ods, as  the  husking  machines  have  been  almost  perfected  in  the  past 
year.  As  rapidly  as  a  bushel  measure  is  husked  it  is  put  upon  a  con- 
veyer, and  while  on  the  way  to  the  silking  machine  is  sorted  for 
quality.  A  high  grade  can  be  secured  only  by  selecting  ears  with 
grains  which  -are  uniformly  tender.  Com  which  is  too  old  or  too 
young  to  make  a  fancy  grade  of  goods  is  taken  out  and  held  until 
a  sufficient  quantity  accumulates  to  make  a  run  on  a  lower  grade. 
The  silking  is  done  by  means  of  rapidly  revolving  rolls  and  brushes. 
As  the  ear  revolves  on  its  axis  and  at  the  same  time  is  carried  for- 
ward, it  is  gently  wiped  by  rapidly  revolving  brushes,  which  pick 
up  any  silk  that  may  be  attached.  This  work  is  done  with  re- 
markable rapidity  and  by  machinery  so  carefully  adjusted  for  any 
irregularity  in  the  size  of  the  ears  or  even  in  the  same  ear  that  there 
is  no  chafing  or  bruising  of  the  tenderest  grains.  This  process  is 
immediately  followed  at  some  factories  by  a  thorough  spraying  with 
water,  while  at  others  this  is  omitted,  the  claim  being  made  that  a 
certain  flavor  is  lost 

The  com  is  cut  by  machinery,  and  from  the  time  the  ear  is  fed 
into  the  cutter  until  the  com  is  sealed  in  the  can  it  is  not  again 
touched  by  hand.  The  ear  is  forced  through  a  series  of  curved 
knives,  mounted  in  an  adjustable  circular  frame,  so  that  they  will 
accommodate  themselves  to  the  varying  size  of  the  cob.  Scrapers 
complete  the  work  by  removing  the  grain  and  soft  bits  of  kernel  at 
the  base.  The  com  again  passes  through  a  machine  to  remove  bits 
of  silk,  husk,  or  cob,  so  that  the  final  product  is  as  clean  as  labor 
can  make  it.  This  cleaner  consists  of  a  series  of  wire  combs,  which 
intermesh  as  the  com  passes  through,  and  wire  cylinders  which  act 
as  sifters. 
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The  corn  is  next  mixed  and  cooked,  and  in  this  operation  it  is 
necessary  to  add  some  water,  otherwise  it  would  become  a  dry,  tough 
mass  in  the  can.  The  quantity  of  water  used  will  depend  upon  the 
consistency  desired  and  the  condition  of  the  com.  Some  varieties 
require  more  than  others,  but  the  average  quantity  used  in  cream 
com  is  about  5  ounces  per  can.  It  is  also  usual  to  add  both  salt 
and  sugar  to  the  corn  to  give  the  desired  flavor.  This  is  used  in  all 
grades,  though  more  carefully  in  the  high  grades  than  in  the  low. 
The  eastern  packers,  as  a  rule,  use  more  sugar  than  the  western. 

The  care  with  which  the  cooking  is  done  before  the  com  enters 
the  can  determines  in  a  large  measure  its  appearance.  The  addition 
of  too  much  brine  will  give  a  sloppy  can,  while  the  use  of  too  little 
gives  a  dry  can.  Insufficient  coddng  will  leave  the  brine  and  com 
separated;  the  quantity  of  brine  may  be  right  but  the  corn  may  be 
dry  in  the  bottom  of  the  can  and  most  of  the  brine  on  top,  or  they 
may  be  mixed  but  not  blended.  The  preliminary  heating  is  done  by 
steam,  using  automatic  machinery,  which  heats  and  evenly  mixes  the 
corn  and  brine  and  at  the  same  time  fills  the  cans.  The  com  enters 
the  cans  at  about  180^  F.,  and  the  capping  is  done  in  the  usual 
manner. 

Corn  is  one  of  the  most  difficult  products  to  process.  It  requires 
a  temperature  of  about  250°  F.  for  75  minutes  to  insure  sterilization. 
There  are  packers  who  process  at  from  240°  to  245°  for  90  minutes, 
and  others  who  process  their  com  twice  to  insure  keeping.  The 
lii^er  the  temperature  the  browner  the  corn  and  the  more  pro- 
nounced the  cooked  taste.  The  consistency  of  the  com  makes  a  great 
difference  in  the  heat  which  must  be  given;  the  drier  the  com  the 
slower  the  heat  penetration. 

Com  is  packed  as  "cream  com,"  or,  as  it  is  sometimes  called, 
"  Maine  style,"  the  kernels  being  cut  as  already  described  and  the  por- 
tion scraped  from  the  cob  added.  The  product  should  be  of  a  thick, 
creamy  consistency.  Again  the  corn  is  cut  from  the  cob  as  closely 
as  possible  by  knives,  but  only  the  whole  grains  are  used,  the  bits  and 
scrapings  being  discarded;  com  used  in  this  way  must  have  long, 
slender  grains,  commonly  called  "  shoe  peg,"  and  the  quantity  of 
brine  be  such  as  to  keep  the  kernels  separate.  This  method  of  prep- 
aration is  called  "  Maryland  style  "  by  the  trade.  In  some  instances 
the  corn  is  run  through  a  recutter,  which  gives  a  grainy  effect  or  one 
like  the  cream  com,  depending  upon  the  method  of  handling.  This 
procedure  is  also  followed  in  working  up  corn  which  has  become  too 
old  to  make  a  good  regular  pack.  Corn  may  be  run  through  slitting 
machines,  which  cut  the  grains  open  on  the  end  and  then  squeeze  out 
the  contents,  leaving  it  free  from  hull.  Cut  corn  is  also  run  through 
a  "  cyclone,"  a  machine  for  forcing  the  creamy  portion  of  the  kernel 
24210**— Bull.  151—12 4 
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through  a  fine  sieve,  thus  removing  all  of  the  hull  and  giving  much 
the  appearance  of  green  com  meal. 

Field  com  is  not  used  in  canning.  Some  of  the  sweet  com  used 
produces  very  large  ears  and  coarse  grains,  which  give  rise  to  the 
suspicion  that  field  com  has  been  substituted.  There  has  been  a  very 
general  improvement  in  sweet  com  in  the  past  10  years,  and  it  will 
probably  not  be  long  before  this  coarser  variety  will  give  way  to  a 
better  and  sweeter  one. 

A  can  of  fancy  corn  upon  opening  should  be  well  filled  (within 
three-eighths  of  an  inch  of  the  top),  should  be  absolutely  young  and 
tender  stock,  medium  moist,  practically  free  from  silk  or  bits  of  cob 
or  husk,  only  slightly  darker  than  natural  or  of  a  light  golden-brown 
color,  and  have  the  distinctive  young  com  flavor.  The  weight  of 
the  contents  should  be  about  21  ounces.  If  put  up  in  "  Maryland 
style,"  the  kernels  should  be  separate  and  the  brine  nearly  clear  and 
the  com  should  weigh  not  less  than  13.5  ounces,  exclusive  of  the 
liquor. 

A  can  of  standard  corn  should  be  well  filled,  reasonably  tender, 
fairly  bright  color  or  slightly  brown,  and  nearly  free  from  silk,  bits 
of  cob,  or  husk.  The  flavor  should  be  characteristic  of  yoimg  sweet 
com.  If  put  up  in  "  Maryland  style,"  a  part  of  the  kernels  may  be 
somewhat  hardened  and  the  brine  a  little  cloudy. 

Peas  (Pisum  sativum). 

The  transition  from  growing  a  small  patch  of  peas  in  the  garden 
to  supply  a-  few  meals  of  a  choice  vegetable  during  the  growing  sea- 
son to  that  of  growing  hundreds  of  acres  to  supply  a  canning  factory 
packing  an  article  available  at  all  seasons  is  but  an  incident  in  the 
development  of  a  great  industry.  The  garden  bed  was  spaded,  raked, 
and  planted  by  hand.  Brush  was  obtained  from  the  orchard  or  wood 
lot,  and  the  rows  "  stuck  "  in  order  to  insure  the  vines  proper  support. 
When  the  green  peas  were  picked  and  carefully  prepared,  they  made 
what  was  at  one  time  styled  a  dainty  dish.  The  fields  are  now  cul- 
tivated, sowed,  and  the  crop  harvested  by  machinery  the  same  as  any 
farm  crop.  There  are  several  factories  which  take  the  entire  yield 
from  more  than  1,000  acres.  The  plants  selected  have  sufficient  rigid- 
ity, no  added  support  being  necessary.  The  whole  plant  is  hauled  to 
the  factory  while  fresh  and  green,  the  same  as  a  load  of  hay. 

The  canning  of  peas  dates  back  to  the  beginning  of  canning,  and 
is  one  of  the  three  large  crops  packed.  In  this  country  it  is  confined 
largely  to  those  States  having  a  cool  spring  and  plentiful  rainfall. 
The  southern  limit  of  successful  growing  seems  to  be  from  Maryland 
west  to  Indiana  and  northwest  to  Minnesota.  Some  peas  are  also 
grown  on  the  highlands  in  Colorado  and  a  few  on  the  western  coast. 
Wisconsin,  Michigan,  New  York,  and  Indiana  lead  in  this  crop. 
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The  pea  used  for  canning  belongs  to  the  garden  variety,  Pisum 
sativum^  of  which  there  are  two  general  classes,  early,  or  round 
smooth  pea,  and  the  wrinkled  pea.  The  latter  are  much  the  sweeter. 
The  Little  Gem  and  Alaska  are  typical  of  the  first  class,  and  Horse- 
ford's  Market  Garden,  Admiral,  and  Advancers  of  the  second. 

The  peas  are  generally  sown  »upon  good  ground,  well  prepared,  as 
early  in  the  spring  as  frost  will  permit,  and  no  subsequent  cultiva- 
tion given  (except  in  California).  Instead  of  all  being  sown  at  one 
time,  the  seeding  is  made  to  extend  over  several  weeks,  in  order  to 
prevent  too  many  maturing  at  one  time.  When  the  peas  are  well 
grown  and  are  still  very  tender,  they  are  cut  by  mowing  machines  or 
special  pea  harvesters,  and  are  then  loaded  upon  wagons  and  hauled 
to  the  factory.  Until  a  few  years  ago,  the  pods  were  picked  from 
the  vines  in  the  field  and  taken  to  the  factory  in  baskets  or  bags. 
This  necessitated  a  very  large  force  of  men,  women,  and  children  in 
harvesting,  and  added  much  to  the  cost  of  the  product.  There  are 
only  a  few  factories  in  the  United  States  which  follow  this  method 
at  the  present  time,  and  it  is  limited  to  a  part  of  the  pack. 

The  vining  machine,  which  is  used  for  separating  the  peas  from 
the  pods  while  they  are  still  on  the  vine,  is  a  very  simple  and  in- 
genious device  to  accomplish  a  diflScult  task — the  shelling  of  the 
tender  pea  so  carefully  that  it  will  not  be  injured.  It  consists  of  a 
large  cylinder,  perforated  with  many  holes,  which  are  large  enough 
to  permit  the  peas  to  pass  through,  but  not  the  vine.  Within  the 
cylinder  is  a  heavy  shaft,  bearing  strong  paddles  or  beaters.  The 
cylinder  is  made  to  revolve  rather  slowly  and  the  beaters  very  rapidly, 
in  the  opposite  direction.  The  vines  are  fed  in  at  one  end  of  the 
cylinder,  are  carried  upward  by  its  motion,  and  fall  upon  the  beaters, 
which  strike  the  pods,  causing  them  to  burst  open  and  discharge  the 
peas.  The  peas  roll  out  through  the  holes  in  the  cylinder,  and  the 
vines  pass  out  the  opposite  end.  The  present  vining  machine  is  a 
modification  of  the  podding  machine  which  was  invented  by  Madam 
Faure.  It  was  the  first  important  step  in  the  development  of  the 
pea-canning  industry. 

The  next  step  in  the  process  is  that  of  cleaning,  and  it  consists  of 
two  operations;  fii-st,  that  of  passing  the  peas  through  a  fanning 
mill  to  remove  pieces  of  pods,  leaves,  and  dirt,  and  second,  in  wash- 
ing, which  is  done  in  wire  cylinders  known  as  squirrel  cages.  These 
cylinders  are  set  on  a  slight  incline  and  made  to  revolve  slowly, 
so  that  peas  which  enter  at  one  end  gradually  roll  out  the  opposite 
end,  and  while  doing  so  they  are  well  sprayed  with  pure  cold 
water.  After  the  washing,  the  peas  are  graded  for  size.  This  is 
done  by  passing  them  over  vibrating  screens,  which  have  holes  of  a 
definite  size,  or  through  cylinders,  with  sections  having  perforations 
corresponding  to  those  in  the  screens.    The  perforations  are  standard 
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and  give  the  following  sizes  in  the  peas:  Petit  pois,  extra  sifted, 
sifted,  Early  June,  marrowfat,  and,  in  the  case  of  late  peas,  the  tele- 
phone. If  the  peas  are  properly  labeled,  they  should  be  uniform  in 
size.  Some  manufacturers,  instead  of  turning  out  all  these  sizes, 
combine  two  sizes  in  one.  A  few  peas  are  sold  ungraded  or  with 
only  the  first  and  second  size  taken  out.  The  petits  pois  should  pass 
through  an  eighteen  sixty-fourths  inch  hole ;  the  extra  sifted,  or  extra 
fine,  through  a  twenty  sixty-fourths  inch  hole;  the  sifted,  or  fine, 
through  a  twenty-two  sixty-fourths  inch  hole ;  Early  June,  through 
a  twenty-four  sixty- fourths  inch  hole;  while  the  jnarrowfats  pass 
over  the  ends  of  the  screens.  With  sweet  wrinkled  peas,  a  twenty- 
six  sixty-fourths  inch  screen  is  used  to  separate  the  marrowfats  and 
those  remaining  above  pass  over  as  telephone  size.  These  desig- 
nations, which  were  partially  adopted  trotti  the  French,  have  been 
in  use  for  a  long  time,  and  refer  to  size  and  not  to  variety  nor 
to  time  of  gathering,  as  would  be  inferred  from  the  name  '^  Early 
June."  The  term  "  Early  June  "  has,  in  recent  years,  come  to  have 
another  meaning,  that  of  including  all  of  the  smooth  or  Alaska  group 
of  peas  in  distinction  from  the  sweet  wrinkled  varieties.  We  there- 
fore find  smallest-sifted  Early  June,  extra-sifted  Early  June,  and 
sifted  Early  June,  as  distinguished  from  the  same  names  applied 
to  sweets.  The  trade  terms  have  little  meaning  to  the  consumer  and 
could  be  supplanted  by  proper  descriptive  terms  to  the  advantage  of 
all  concerned. 

Peas  are  also  graded  for  quality,  those  being  small,  young,  and 
tender,  so  they  will  crush  easily  between  the  thumb  and  finger  are 
considered  to  be  the  highest  grade,  while  those  which  have  a  consid- 
erable percentage  hard,  turn  brown  upon  processing,  or  cause  clouded 
liquor  in  the  can,  are  of  a  lower  grade.  The  grading  is  done  largely 
upon  the  judgment  of  the  inspector  as  the  peas  arrive,  and  later  by 
the  superintendent. 

The  peas  may  be  mechanically  graded  for  quality  before,  but 
preferably  after,  grading  for  size.  This  is  done  on  the  basis  that 
the  old  or  hard  peas  are  heavier  than  the  younger  and  more  tender 
ones.  Peas  will  i^ot  all  mature  alike  on  the  same  vine,  nor  in  the 
same  field,  so  that  it  is  not  possible  to  cut  them  to  secure  absolute 
uniformity.  The  more  slowly  the  peas  mature  under  fairly  cool 
moist  conditions,  the  tenderer  they  will  be,  so  that  in  some  sections 
the  necessity  for  grading  for  quality  is  less  than  in  others.  This 
grading  is  effected  by  means  of  brine,  which  is  made  to  a  strength 
that  will  float  those  that  are  tender,  the  harder  ones  sinking.  The 
first  quality  can  be  skimmed  off,  and  those  that  sink  again  separated 
in  another  and  heavier  solution,  giving  a  second  and  third  grade. 
The  first  grade  will  be  lighter  in  color,  softer  on  pressure,  and  give 
a  clear  liquor  on  canning;  the  second  grade  will  be  slightly  darker, 
and  the  liquor  cloudy;  while  in  the  third  grade,  the  size  will  be 
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uneven,  the  peas  dark  and  hard,  and  the  liquor  very  cloudy  and 
thick.  In  dry  seasons  the  grading  will  not  be  so  good  as  there  is 
less  difference  in  the  weight  of  the  peas.  It  is  possible  to  get  15 
grades  of  peas,  depending  upon  size  and  quality,  from  the  same 
load,  the  difference  being  sufficient  to  be  easily  distinguishable  in  the 
finished  product 

When  the  peas  leave  the  graders  they  pass  over  slowly  moving 
belts  in  a  single  layer,  and  those  which  are  split,  off  color,  or  defective 
are  picked  out.  This  is  the  only  operation  in  which  it  is  necessary 
to  touch  the  peas  with  the  hands. 

The  peas  are  blanched,  or  more  properly  parboiled.  They  are 
boiled  just  long  enough  to  soften  them  uniformly  and  to  remove  the 
mucous  substance  on  the  outside.  The  time  for  the  blanching  will 
vary  from  one-half  minute  for  the  very  tender  small  peas,  to  15  min- 
utes for  the  overmatured  large  ones,  some  variation  being  necessary 
for  each  size  and  degree  of  hardness.  Most  of  the  blanching  requires 
from  1  to  4  mmutes. 

The  matter  of  blanching  is  exceedingly  important,  for  upon  it 
depends  in  a  large  degree  the  appearance  of  the  peas  and  the  charac- 
ter of  the  liquor.  There  are  several  different  styles  of  apparatus  in 
use  for  blanching,  the  simplest  being  a  large  trough  containing  scald- 
ing water  in  which  wire  baskets  containing  the  peas  are  placed  for  the 
required  time.  Another  device  consists  of  a  cylinder  which  is  made 
to  revolve  in  a  tank  of  water  and  gradually  cause  the  peas  to  pass 
through  in  a  continuous  stream  by  means  of  a  large  screwlike  con- 
veyer. The  latest  type  is  a  tank  having  three  compartments;  the 
peas  are  fed  in  at  one  end  and  the  hot  water  at  the  other,  so  that  the 
water  in  which  the  peas  are  first  scalded  is  being  constantly  renewed 
from  the  next  tank,  and,  as  the  peas  emerge,  they  come  from  the 
freshest,  cleanest  bath.  The  peas  are  again  washed  after  blanching 
and  before  going  to  the  filling  machines. 

The  pea  fillers  should  measure  out  a  given  quantity  of  peas  and 
deliver  it  into  the  can  with  the  minimum  of  cutting  or  bruising. 
The  greater  the  number  of  injured  peas  the  less  attractive  the  con- 
tents, both  because  of  splits  and  cloudy  liquor.  The  fillers  should  be 
adjustable  that  the  cans  may  receive  a  fill  according  to  size  and  age. 
The  younger  and  smaller  the  peas  the  greater  the  fill,  and  vice  versa. 
Old  peas  absorb  liquor  in  the  process,  while  the  succulent  ones  take 
up  very  little.  The  liquor  used  in  canning  peas  is  made  up  of  water, 
salt,  and  sugar,  the  proportions  being  a  matter  of  taste.  The  eastern 
packers,  as  a  rule,  use  more  seasoning  than  the  western.  The  liquor 
is  added  after  the  peas  have  been  put  in  the  can.  The  subsequent 
capping  and  processing  is  the  same  as  for  com.  The  process  is  from 
235^  to  240°  F.  for  from  35  to  40  minutes,  depending  upon  the  fresh- 
ness and  state  of  maturity.    The  cans  of  peas  should  be  given  a  cold 
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bath  at  once  after  the  process  is  finished,  in  order  to  arrest  cooking 
and  insure  a  clear  liquor. 

The  canning  of  peas  requires  special  care.  If  a  fine  product  is  to 
be  secured,  there  must  be  careful  selection  in  the  field  and  continuous 
and  rapid  work  from  start  to  finish  after  the  vines  are  cut.  "  Only 
an  hour  from  the  field  to  the  can  "  is  not  literally  true,  but  it  is  ap- 
proximately so.  The  work  is  almost  wholly  done  by  automatic  ma- 
chinery, connected  by  special  conveyers  in  such  manner  as  to  insure 
continuous  action.  At  all  the  various  steps  the  washing  is  of  the 
most  thorough  character,  and  in  some  of  the  best  factories  almost  a 
gallon  of  water  is  used  in  the  preparation  of  each  can.  The  highest 
grade  of  American  peas  represents  the  best  that  is  accomplished  in 
the  pea-canning  industry,  and  are  unexcelled  by  any  foreign  pro- 
duction. 

The  cost  of  a  can  of  peas  will  vary  with  the  size  and  quality.  The 
very  tender  smallest  sifting  peas,  or  "  petits  pois,"  are  the  most  ex- 
pensive for  the  reason  that  but  comparatively  few  are  produced ;  not 
more  than  5  per  cent  of  a  good  crop  will  be  of  that  grade.  The  price 
gradually  decreases  through  the  sizes  to  the  marrowfat,  which  is  the 
cheapest.  There  is  more  nutrition  in  the  larger  sizes  and,  if  properly 
graded,  they  have  the  better  flavor.  Ungraded  peas  have  a  par- 
ticularly good  flavor,  though  they  are  not  so  attractive  because  of 
lack  of  uniformity. 

A  well-filled  No.  2  can  of  peas  should  have  a  net  weight  of  about 
21.6  ounces,  of  which  slightly  more  than  14  ounces  should  be  peas 
and  7  ounces  liquor. 

A  can  of  first-grade  peas  should  be  from  selected  field  stock,  or 
the  lightest  weight  if  separated,  and  the  can  should  be  well  filled  with 
peas  that  are  uniform  and  true  to  the  size  indicated,  even  in  color, 
absolutely  tender,  of  good  flavor,  and  covered  with  a  clear  liquor. 
The  weight  of  the  peas,  exclusive  of  the  liquor,  should  be  not  less  than 
12.5  ounces. 

A  can  of  standard  peas  should  be  well  filled  with  good  field-run 
stock,  the  peas  fairly  uniform,  of  the  size  indicated,  and  covered 
with  liquor,  which  may  be  more  or  less  cloudy  but  not  thick.  There 
may  be  some  variation  in  color,  but  the  peas  should  be  tender,  or  only 
a  small  proportion  hard,  and  of  good  flavor. 

Pumpkin  (Cucubbita  pepo  L.). 

It  used  to  be  the  custom  to  associate  pumpkin  pie  with  the  Thanks- 
giving season,  but  the  tin  can  has  lengthened  its  season  to  the  full 
year,  and  made  it  especially  convenient  for  the  home  piemaker. 

The  pumpkins  used  for  canning  should  be  of  a  hard,  sweet  variety, 
and  evenly  ripened.     The  meat  should  be  of  good  texture,  golden 
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yellow,  but  not  watery.  It  has  been  the  custom  generally  to  grow 
the  pumpkins  with  the  com,  but  a  few  canners  find  that  a  more  satis- 
factory yield  and  a  far  more  uniform  quality  are  obtained  by  grow- 
ing in  the  open  field  as  a  special  crop. 

The  pumpkins  are  carefully  selected,  stemmed,  and  well  washed 
to  remove  any  adherent  dirt.  They  are  cut  into  large  pieces,  either 
by  knives  or  roller  disks,  and  are  given  a  general  washing  in  a  heavy 
squirrel  cage,  the  principal  object  being  to  remove  the  seeds  and  loose 
fiber.  The  pumpkin  is  then  put  into  large  iron  crates  and  cooked 
in  the  retort  until  it  softens,  which  requires  about  20  minutes  at  240° 
F.;  it  is  next  run  through  a  cyclone,  which  removes  the  hard  part 
of  the  skin  and  the  tough  fiber.  The  pulp  proper  is  cooked  very 
little  if  it  is  of  a  good  consistency,  but  if  light  or  thin  it  is  evaporated 
until  it  is  of  the  right  body.  It  is  filled  into  cans  while  hot,  sealed  at 
once,  and  processed  at  250°  F.  for  90  minutes. 

Some  packers  cut  the  pumpkins  in  halves  and  peel  and  core  with 
special  revolving  knives.  This  necessitates  considerable  extra  hand 
work,  but  is  particularly  advantageous  when  the  pumpkins  do  not 
ripen  uniformly.  It  does  not  have  any  apparent  advantage  over  the 
direct-heating  method  if  the  raw  material  is  of  uniformly  good 
quality. 

Pumpkin  is  packed  almost  exclusively  in  No.  3  cans,  which  should 
be  enamel  lined,  thus  preventing  action  on  the  tin,  and  also  aiding  ;n 
the  retention  of  better  color  and  flavor. 

A  good  can  of  pumpkin  when  opened  should  be  filled  within  one- 
half  inch  of  the  top ;  should  be  fairly  heavy,  smooth,  evenly  screened, 
free  from  fiber,  and  uniformly  colored.  A  can  lacking  an  inch  or 
more  of  being  full,  coarse,  containing  fiber,  or  being  thin  and  watery, 
is  not  a  first-class  article  and  is  short  weight.  A  No.  3  can  should 
contain  at  least  32  ounces.  Squash  (Cucurhita  ovifera)  is  grown  and 
handled  the  same  as  pumpkin. 

Rhubarb  (Rheum  rhaponticum). 

Ehubarb  is  grown  in  fields,  in  rows  4  feet  apart  and  hills  about 
2  feet  apart  in  the  rows,  and  is  cultivated  the  same  as  are  potatoes. 
The  soil  must  be  rich  to  give  a  luxuriant  growth.  It  is  harvested 
when  the  leaf  stems  are  of  large  size,  which  may  be  at  any  time  from 
the  middle  of  May  until  the  middle  of  August. 

In  harvesting  the  befet  stalks  are  selected,  the  small  or  undesirable 
ones  being  left  to  take  care  of  the  plant.  The  pulled  stalks  are  made 
into  bundles;  the  leaf  and  butt  are  then  cut  off  and  the  stems  placed 
in  crates  to  be  hauled  to  the  factx)ry.  The  hauling  is  done  the  same 
as  in  the  case  of  tomatoes. 

At  the  factory  the  rhubarb  is  washed  in  large  tanks  of  running 
water  and  at  the  same  time  inspected  for  any  imperfections.    The 
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next  step  is  the  cutting,  and  this  is  accomplished  by  means  of  a  series 
of  small  saws  set  1  inch  apart  on  a  shaft.  The  rhubarb  is  laid 
on  a  carrier,  which  feeds  each  stalk  crosswise  to  the  saw.  The  pieces 
ready  for  the  can  are  therefore  1  inch  in  length  and  the  size  of  the 
stem.  The  cans  are  filled  with  a  string-bean  filler,  and  as  much  is  put 
in  as  can  be  shaken  below  the  level  of  the  rim.  Hot  water  is  added 
to  fill  the  interspaces. 

The  practice  in  some  factories  differs  in  some  particulars  from  that 
given  here.  First,  in  that  the  stems  are  stripped  or  peeled  before 
being  cut,  and,  second,  in  that  theThubarb  is  heated  in  a  preserve 
kettle  before  filling  into  the  can.  In  the  latter  case  only  a  very  small 
quantity  of  water  is  used,  as  in  the  codling  suflScient  juice  is  extracted 
to  furnish  part  of  the  liquor  in  packing.  This  style  of  pack  is  put 
up  in  No.  3  and  No.  10  cans.  The  former  is  put  up  only  in  No. 
10  cans  for  pie  purposes.  The  process  is  13  minutes  at  boiling 
temperature. 

Succotash. 

Succotash  is  a  mixture  of  green  corn  and  green  beans,  the  Lima  bean 
being  the  one  generally  used.  Succotash  has  also  been  made  from 
green  corn  and  soaked  beans,  as  in  most  places  the  corn  and  beans 
will  not  come  to  maturity  at  the  same  time.  The  flavor  of  succo- 
tash made  from  good  corn  and  strictly  green  beans  is  better  or  more 
delicate  than  that  made  with  dried  beans;  otherwise  the  latter  is  in 
no  way  inferior  to  that  made  from  the  green  bean;  but  when  the 
dried  bean  is  used  the  fact  should  be  indicated  on  the  label.  In  the 
regular  field  run  of  Lima  beans  some  will  be  further  advanced  than 
others;  while  the  pods  may  all  be  green,  in  blanching  some  of  the 
beans  may  turn  white  and  on  breaking  they  may  appear  mealy,  and 
thus  give  the  appearance  of  being  soaked  when  the  can  is  opened. 
In  fancy  succotash  these  white  beans  are  picked  out  by  hand.  A  suc- 
cotash diould  consist  of  not  less  than  20  per  cent  of  beans,  and  in  the 
high  grades  there  is  more  nearly  40  per  cent  beans,  either  graded 
or  ungraded  for  size.  The  cut  com  and  blanched  beans  are  mixed, 
after  which  they  are  treated  the  same  as  corn,  being  given  the  same 
sugar  and  salt  brine,  preliminary  cooking,  and  process.  The  net 
weight  in  a  No.  2  can  should  be  not  less  than  19  ounces. 

Sweet  Potatoes. 

Sweet  potatoes  can  be  canned  to  good  advantage  for  use  in  those 
sections  where  they  can  not  be  raised.  They  usually  come  under  two 
classes,  the  long  yellow  variety,  growing  extensively  in  New  Jersey, 
and  the  light  or  southern  variety.  The  former  is  preferred  in  the 
market  at  present,  partly  because  of  its  better  appearance.  The 
southern  variety  turns  dark  and  may  become  watery. 
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The  potatoes  are  washed  and  the  skins  removed  by  running  them 
through  a  potato  parer  or  abrading  machine  such  as  is  used  in  hotels, 
by  dipping  in  a  hot,  weak  lye,  or  by  boiling  until  the  skin  can  be 
scraped  off  easily.  If  they  are  not  large  in  diameter,  the  cooking  may 
be  continued  until  they  are  tender  to  the  center  or  two-thirds  cooked. 
If  they  are  large,  it  may  be  better  to  cook  first  until  the  skin  can  be 
removed  and  then  give  a  second  cookmg,  either  in  boiling  water  or  in 
a  steam  retort,  until  they  are  about  three-fourths  done.  They  are 
packed  in  the  cans  as  closely  as  possible  without  mashing  and  pref- 
erably without  the  addition  of  water.  They  may  also  be  grated  or 
mashed,,  and  in  this  form  are  offered  for  sweet-potato  pies.  They  are 
then  thoroughly  exhausted  and  processed  for  70  minutes  at  240°  F. 
or  for  3  hours  in  boiling  water. 

Tomatoes  (  Lycopebsicum  esculentum). 

The  time  is  easily  within  the  memory  of  many  persons  when  toma- 
toes were  thought  to  be  poiscnious.  A  few  persons  in  the  Eastern 
States  used  them  70  years  ago,  but  they  did  not  become  common  until 
a  much  later  period.  In  the  West  the  prejudice  against  them  per- 
sisted until  less  than  40  years  ago.  The  first  record  of  canning 
tomatoes  is  that  of  the  work  done  by  Harrison  W.  Chrosby  m  1847 
at  Jamesburg,  N.  J.  Tomatoes  are  now  used  in  enormous  quantities 
in  the  fresh  state  and  head  the  list  of  all  vegetables  as  a  canned  prod- 
uct. Thousands  of  bushels  are  also  used  in  the  manufacture  of 
ketchups,  chili  sauce,  and  soups.  The  tomato  is  produced  over  a 
larger  part  of  the  United  States  than  any  other  vegetable.  It  may 
be  handled  with  few  and  simple  appliances,  and  may  therefore  be 
canned  in  the  home  and  in  small  factories  where  little  capital  is  re- 
quired, as  well  as  in  the  large  factories. 

The  development  of  a  tomato  suitable  for  canning  purposes  has 
been  a  specialty  in  itself.  For  this  purpose  the  fruit  should  be 
moderately  large,  smooth,  so  that  it  will  peel  readily,  ripened  evenly 
to  the  stem,  of  a  clear,  red  color,  and  having  a  large  proportion  of 
solid  meat  of  good  flavor.  Varieties  which  ripen  imevenly  or  are 
irregular  in  outline  are  difficult  to  peel  and  the  percentage  of  waste 
is  too  high.  Tomatoes  which  are  yellow  or  purple  do  not  have  an 
attractive  appearance  on  opening,  and  those  with  excessive  seed  cells 
or  which  are  soft  and  watery  will  give  the  can  the  appearance  of  be- 
ing slack  filled  or  packed  with  water.  A  good  pack  is  therefore 
dependent  upon  having  a  variety  possessing  the  right  qualities.  The 
canner  can  not  accept  tomatoes  of  a  half  dozen  or  more  varieties  and 
get  good  results.  He  must  therefore  specify  the  variety  grown  or 
furnish  the  plants  for  his  growers.  The  production  of  plants  in  hot- 
beds and  cold  frames  to  supply  several  hundred  acres  is  of  itself  a 
very  large  task.     The  plants  are  grown  in  the  field,  the  same  as 
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other  crops,  and  a  single  large  cannery  will  use  the  product  of  1,000 
acres.  One  ketchup  manufacturer  takes  the  entire  product  from 
more  than  5,000  acres.  A  fair  yield  is  5  tons  of  fruit  for  an  acre,  but 
good  cultivation  and  fertilization  sometimes  brings  this  up  to  20  tons 
or  more.     Thirty-three  bushels  weigh  about  1  ton. 

At  harvest  time  the  fruit  must  be  picked  every  day,  or  every  other 
day,  in  order  to  insure  collecting  it  when  it  is  in  its  prime — ^just 
ripe,  without  green  butts,  and  not  overripe.  It  is  preferable  that 
the  tomatoes  be  put  in  crates,  which  are  wide  and  flat  rather  than 
deep,  and  which  will  hold  not  more  than  a  bushel.  They  can  be 
delivered  to  the  factory  in  better  condition  in  the  flat  crates  than 
in  the  deep  ones  or  in  baskets,  as  the  fruit  will  crush  if  piled  in  too 
many  layers.  The  arrival  in  good  condition  lessens  the  time  re- 
quired for  peeling  as  well  as  the  loss  in  parts  cut  away.  The  toma- 
toes should  be  delivered  to  the  factory  promptly,  as  deterioration 
begins  soon  upon  standing. 

When  the  tomatoes  are  delivered  at  the  factory  they  are  weighed 
and  inspection  should  be  made  of  each  load.  One  crate  is  taken  out 
at  random  and  dumped  into  a  tank  of  water.  All  defective  fruit  can 
be  detected  at  once,  picked  out,  weighed  separately,  and  the  load 
docked  accordingly.  Rotten  fruit  can  not  be  used  and  green  fruit 
must  be  held  to  ripen.  The  separation  at  the  factory  entails  extra 
expense  in  the  inspection  and  sorting.  The  rotten  fruit  should  not 
have  been  picked  and  the  green  should  have  been  left  in  the  field; 
the  only  way  to  reduce  this  waste  to  a  mimimum  is  by  means  of  a 
system  of  dockage. 

The  first  step  in  manufacture  should  be  proper  sorting.  This 
can  be  done  better  by  a  few  persons  than  by  the  many  peelers.  Toma- 
toes which  are  green  should  be  taken  out  and  held  in  crates  for  one 
or  two  days,  as  may  be  necessary,  but  small  green  spots  can  be  cut 
out  by  the  peelers.  The  tomatoes  with  rot  should  be  discarded. 
Tomatoes  which  are  small,  rough,  misshapen,  and  sound,  but  which 
will  not  peel  well,  can  be  set  aside  for  pulp.  Such  a  separation  will 
lessen  the  work  and  waste  in  the  factory  and  in  the  end  be  economical. 
The  sorting  is  best  done  upon  a  conveyer  table,  the  tomatoes  which 
are  passed  being  fed  directly  into  the  washer. 

The  washing  should  be  thorough  and  done  without  bruising  or 
crushing  the  fruit.  It  is  preferable  that  the  fruit  be  dropped  into 
a  tank  of  water  and  rolled  over  and  over  gently,  either  by  actually 
turning  the  tomato  or  by  strongly  agitating  the  water,  and  then 
spraying  under  a  strong  pressure  as  they  emerge  from  the  water. 
This  latter  operation  is  of  greater  importance  than  is  generally  sup- 
posed. As  before  stated,  a  comparatively  large  volume  of  water 
without  force  behind  it  is  far  less  efficacious  than  a  much  smaller 
volume  having  force.    The  latter  cuts  the  dirt  and  organisms  off, 
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the  former  only  wets  the  skin  and  makes  it  look  bright.  Allow- 
ing tomatoes  to  dry  in  the  sun* after  washing  by  each  method  will 
clearly  demonstrate  the  difference.  The  water  in  the  tank  should 
be  changed  continuously  by  the  addition  of  the  water  used  in  the 
spray,  an  overflow  being  provided  for  the  tank.  The  majority  of 
tomato  washing  machines  are  inefficient. 

The  tomatoes  are  scalded,  while  passing  slowly  through  a  tank 
or  steam  chamber,  by  the  continuous  action  of  hot  water  or  steam. 
The  scalding  is  only  sufficient  to  loosen  the  skin  and  not  to  heat  or 
soften  the  tomato.  As  the  tomato  emerges  from  the  scalder  it  is 
sprayed  with  cold  water,  which  causes  the  skin  to  split  and  arrests 
the  heating  of  the  fruit 

The  clean-scalded  tomatoes  are  delivered  to  the  peelers  in  various 
ways,  in  pails  and  pans  by  carriers  or  belts,  or  by  moving  table  tops, 
or  they  are  delivered  to  the  tables  directly  upon  belts.  Various 
devices  have  been  used  to  carry  the  tomatoes  to  and  from  the  peelers 
and  to  care  for  the  waste,  the  object  being  to  secure  cleanliness  and 
careful  handling  of  the  fruit.  The  bucket  system  is  an  old  one 
and  is  in  general  use  at  small  factories.  The  bucket  is  filled  with 
scalded  tomatoes  and  the  peeler  works  from  one  bucket  into  another, 
dropping  the  refuse  into  a  third  bucket  or  into  a  trough  under  the 
table.  The  objection  to  the  bucket  is  that  the  fruit  on  the  bottom  is 
mashed  more  or  less  before  being  reached  by  the  peeler,  and  the  same 
is  true  of  the  peeled  fruit.  Wide  shallow  pans  have  an  advantage 
over  the  bucket  in  this  respect.  In  peeling  from  the  special  tables, 
the  tendency  is  to  heap  the  bowls  too  full,  which  produces  the  same 
disadvantages  found  in  using  the  bucket.  Some  paint  the  buckets 
different  colors  to  indicate  whether  they  are  to  be  used  for  scalded 
tomatoes,  peeled  tomatoes,  or  refuse.  All  buckets  or  pans  should  be 
washed  each  time  they  are  used,  no  matter  how  many  times  a  day 
that  may  be.  All  tables  and  conveyers  should  be  washed  each  time 
the  plant  stops,  and  oftener  when  needed. 

The  peelers  hold  the  tomatoes  with  the  stem  toward  the  palm  of 
the  hand,  pull  the  skin  back  from  the  blossom  end,  and  close  the  oper- 
ation by  removing  the  core  with  the  point  of  the  knife,  keeping  it  well 
directed  toward  the  center  so  as  not  to  open  the  seed  cells.  This  is 
not  only  the  quickest  way  to  peel  the  tomato,  but  keeps  it  whole. 
Green  and  undesirable  spots  are  cut  out. 

The  cans  are  filled  either  by  hand  or  by  machine.  The  sanitary 
or  open-top  cans  are  filled  by  hand,  as  it  gives  a  better  appearance  to 
the  finished  product.  In  this  class  the  cans  are  weighed  to  insure 
the  desired  fill.  If  filled  too  full,  which  may  easily  happen,  "  spring- 
ers "  or  "  flippers  "  may  result,  and  the  product  be  unsalable  though 
perfectly  wholesome.  "  Springers "  or  "  flippers,"  as  before  ex- 
plained, have  the  appearance  of  a  swell,  but  are  not  due  to  fermenta- 
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tion.  Sender-topped  cans  seldom  bulge  in  this  way  for  the  reason 
that  they  can  not  be  sealed  when  too  full,  and,  as  a  rule,  they  weigh 
from  3  to  4  ounces  less  than  the  hand-filled  cans.  Overfilling  also 
necessitates  a  longer  process,  breaking  up  the  fruit  and  detracting 
from  the  appearance  of  the  product  In  order  to  bring  out  the  flavor 
some  canners  add  one  teaspoonful  of  a  mixture  of  equal  parts  of 
salt  and  sugar,  or  of  one  part  of  salt  to  two  parts  of  sugar,  to  each  can. 
This  is  rarely  done  except  upon  high-grade  goods  and  must  be  done 
by  hand  in  order  to  insure  uniformity. 

There  are  several  types  of  filling  machines  for  solder-topped  cans, 
which  consist  usually  of  a  cylinder  holding  the  quantity  of  tomatoes 
necessary  to  fill  a  can  and  a  piston  to  force  them  in.  The  result  is 
more  or  less  badly  brdsen  fruit,  though  the  contents  are  just  as  good 
as  in  the  hand-packed.  Some  of  the  newer  machines  fill  the  cans  on 
the  principle  of  a  collapsible  tube,  and  the  result  is  a  decidedly  better 
appearance.  In  all  machine  filling  the  measure  is  by  volume  rather 
than  by  weight.  Cans  which  are  filled  full  of  whole  tomatoes  by  hand 
are  known  as  "  hand-packed  *'  or  "  solid-packed  "  in  distinction  from 
those  filled  by  machine,  or  filled  part  full  of  whole  tomatoes  and 
juice  added.  The  adding  of  juice  is  done  for  two  purposes,  one  in 
high-grade  stock  to  preserve  the  tomato  whole  or  nearly  whole,  and 
in  the  standard  grade  to  complete  the  machine  fill  or  to  utilize  the 
entire  product  In  the  first  case  the  juice  is  taken  from  whole  toma- 
toes and  usually  condensed  slightly  by  boiling.  In  the  latter  case  it 
is  made  from  the  trinmiings  and  often  of  inferior  quality.  The  use 
of  water  in  canning  tomatoes  is  unnecessary  and  is  an  adulteration. 

Somewhat  too  much  stress  is  being  placed  upon  the  quantity  of 
solid  meat  which  will  be  present  after  draining  on  a  quarter-inch 
screen.  A  very  high  percentage  of  solid  meat  may  mean  the  use  of 
a  variety  which  is  hard  and  inferior,  or  fruit  which  is  slightly  green, 
in  which  event  the  flavor  is  deficient.  The  full,  rich  flavor  of  the 
tomato  is  not  developed  until  it  is  thoroughly  ripe,  so  ripe  that  the 
processing  will  cause  a  portion  of  the  tissue  to  break  down,  and  after 
long  shipments  they  may  be  badly  broken.  While  it  is  desirable  to 
have  a  considerable  proportion  of  the  fruit  whole  or  nearly  whole,  a 
broken  condition  is  not  of  itself  evidence  of  improper  methods  or 
poor  quality.  The  cans  are  next  run  through  an  exhaust  box,  where 
they  are  subjected  to  steam  heat  for  from  2  to  3  minutes,  after  which 
they  are  capped  in  the  usual  way.  Tomatoes  are  given  a  process  in 
boiling  water  for  from  35  to  55  minutes. 

Tomatoes  are  packed  in  No.  3  cans  as  a  general  rule,  though  they 
are  also  packed  in  all  sizes  from  special  cans  for  individual  service 
on  dining  cars  and  cafes  to  the  No.  10,  or  so-called  gallon  cans  for 
hotel  trade.  Some  of  the  latter  are  put  up  unpeeled.  The  No.  3 
comes  in  the  regular  size  and  in  what  is  known  as  extra  tall.     The 
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tomato  is  also  put  up  as  condensed  tomato,  soup,  paste,  and  puree. 
To  produce  these,  the  tomato  is  run'  through  a  "  cyclone  "  to  remove 
the  hard  portions  and  seeds,  and  then  concentrated  to  different  de- 
grees. The  use  of  condensed  tomato  or  puree  prepared  from  sound 
material  has  many  advantages  for  some  purposes  over  the  regular 
canned  article,  and  its  use  should  be  cultivated,  especially  for  soups, 
etc.  At  the  price  paid  for  the  standard  grade  of  tomatoes  a  better 
article  can  be  obtained  as  a  puree  or  paste.  Some  pur^  is  made  from 
peel  and  waste  from  the  canning.  If  the  material  is  clean  and  sound 
there  is  no  objection  to  its  use,  but  too  often  this  is  not  the  case,  as  is 
made  evident  by  the  presence  of  microorganisms,  broken  tissue,  and 
products  of  decomposition.  A  paste  which  is  made  from  the  whole 
tomato  and  from  trimmings  by  a  system  of  spontaneous  fermentation 
and  salting  is  used  largely  by  foreigners.  This  article  is  no  longer 
permissible  in  interstate  trade.  Another  grade  of  paste  is  made  by 
evaporating  the  pulp  until  it  becomes  very  stiff  and  heavy.  The 
straining  of  the  juice  or  pulp  from  the  seeds  and  hard  portions  can 
be  done  better  and  with  less  waste  by  special  machinery  than  in  the 
kitchen. 

Tomatoes  are  sold  under  various  trade  grades,  as  extra  choice, 
extra  select,  choice,  select,  extra  standard,  standard,  and  seconds.  It 
is  unfortunate  that  there  are  so  many  ways  of  designating  the  con- 
tents of  a  can,  particularly  when  the  prefix  is  meaningless.  What 
one  packer  calls  his  "extra  choice *'  or  "extra  select"  may  be  no 
better  than  an  extra  standard  or  a  standard  of  another  packer.  The 
real  grade  at  present  is  dependent  upon  the  packer's  name^  not  upon 
what  he  claims.  There  should  be  but  two  grades — selected  or  first 
grade,  and  standard  or  field  run  for  the  second.  A  can  of  first  grade 
tomatoes  should  be  from  selected,  prime,  ripe  fruit,  having  a  fleshy 
body,  well-developed  flavor,  and  uniform  color.  The  can  when 
opened  should  be  full  and  most  of  the  tomatoes  whole  or  in  large 
pieces,  free  from  all  peel,  core,  or  defects.  The  net  weight  should 
not  be  less  than  32  ounces  in  a  No.  3  can. 

A  can  of  standard  tomatoes  should  be  from  sound,  ripe  fruit, 
having  a  fair  body  and  good  flavor.  The  can  when  opened  should 
be  full,  and  part  of  the  tomatoes  whole  or  in  large  pieces.  They 
should  be  well  peeled  and  cored.  The  net  contents  of  a  No.  3  can 
should  not  weigh  less  than  32  ounces. 

MARINE  PRODUCTS. 

There  is  a  very  large  variety  of  fresh  and  salt  water  products  put 
up  in  cans,  and  these  have  received  the  following  classification  by 
Charles  H.  Stevenson:^ 

>  The  Preserration  of  Fishery  Products  for  Food.  United  States  Fish  Commission  Bul- 
letin for  1898,  p.  512. 
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There  are  five  general  classes  of  canned  marine  products,  viz,  (1)  plain 
boiled,  steamed,  or  otherwise  cooked;  (2)  preserved  In  oil;  (3)  prepared  with 
vinegar,  sauces,  spices,  jellies,  etc.;  (4)  cooked  with  vegetables,  etc.;  and 
(5)  preserved  by  some  other  process,  but  placed  in  cans  for  convenience  in 
marketing. 

The  first  class  includes  salmon,  mackerel,  herring,  menhaden,  cod,  halibut, 
smelt,  oysters,  clams,  lobsters,  crabs,  shrimp,  green  turtle,  etc ;  sardines  almost 
exclusively  make  up  the  second  class. 

The  third  class  includes  various  forms  of  herring  prepared  as  **  brook  trout," 
"ocean  trout,"  etc.,  mackerel,  eels,  sturgeon,  oysters,  lobsters,  crabs,  etc. 

The  fourth  class  includes  fish  chowder,  clam  chowder,  codfish  balls,  green 
turtle  stew,  terrapin  stew,  and  devilled  crabs. 

The  fifth  class  is  made  up  of  smoked  herring,  halibut,  haddock,  carp,  pick- 
erel, lake  trout,  salmon,  eels,  sturgeon,  etc.,  and  brine  salted  mackerel,  cod, 
and  caviar. 

Crabs   (Callinectes  hasta). 

Canned  crab  meat  in  this  country  was  the  result  of  experiments 
made  by  James  McMenamin,  of  Norfolk,  Va.  He  began  at  Norfolk 
in  1878,  but  moved  to  Hampton  in  1879,  and  that  has  been  the  chief 
point  of  supply  up  to  the  present  time.  The  season  for  catching  crabs 
is  from  April  to  October. 

The  live  crabs  are  placed  in  large  crates,  well  washed,  and  then  run 
into  a  steam  box,  where  they  are  cooked  for  25  minutes.  After 
cooling  they  are  "  stripped  " — ^that  is,  the  shell,  viscera,  and  smaller 
claws  are  removed.  The  meat  is  then  picked  out  of  the  bodies 
and  large  claws  by  hand,  or  it  may  be  removed  by  centrifugal  force 
or  by  compressed  air.  The  latter  methods,  which  are  of  recent  origin, 
are  effective  and  save  much  labor.  In  the  centrifugal  method  the 
shell  and  claw  are  cut  across  to  expose  the  cells  and  a  quantity  so 
prepared  is  placed  in  a  centrifugal  drum,  almost  the  same  as  that 
used  for  drying  in  a  laundry.  The  drum  is  made  to  spin  at  a  high 
speed  and  all  the  meat  is  extracted.  The  compressed-air  method- 
consists  of  an  air  compressor  and  a  storage  tank,  with  pipes  leadmg 
to  a  nozzle.  The  shell  is  held  in  front  of  the  nozzle,  the  air  is  turned 
on,  and  the  meat  blown  out.  Either  method  is  faster,  better,  and 
cleaner  than  the  hand  picking. 

The  meat  is  filled  into  cans  and  processed.  The  No.  1  cans  gen- 
erally used  are  first  heated  for  a  half  hour  in  boiling  water,  vented, 
and  then  processed  for  35  minutes  at  240°  F. 

Crab  meat  is  not  so  easy  to  keep  as  some  other  kinds,  the  tendency 
being  to  blacken  more  or  less  in  the  cans. 

Oysters. 

The  oyster  is  a  marine  bivalve  of  the  genus  Ostrea^  the  species  used 
in  this  country  being  Ostrea  virginiaiuu  It  is  found  along  the  coast, 
chiefly  in  the  shallow  waters  at  the  mouths  of  rivers  and  in  bays. 
Chesapeake  Bay  has  long  been  noted  for  the  abundance  of  its  oysters. 
They  are  found  naturally  all  along  the  Atlantic  coast  as  far  north  as 
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Massachusetts,  and  at  one  time  were  abundant  in  Long  Island  Sound. 
Active  dredging  depleted  the  beds  and  now  the  supply  is  maintained 
only  by  cultivation  and  restricting  dredging  operations.  Some 
oysters  are  canned  on  the  coast  of  Virginia,  the  Carolinas,  and  Greor- 
gia,  but  they  are  no  longer  canned  north  of  Maryland.  The  oyster 
occurs  in  the  Gulf  on  the  west  coast  of  Florida  and  along  the  shore 
to  Texas.  There  is  a  large  business  in  canning  oysters  in  Mississippi 
and  Louisiana.  A  few  oysters  are  found  on  the  Pacific  coast,  but 
not  in  sufficient  quantity  to  warrant  canning.  The  abundance  of 
oysters  in  Chesapeake  Bay  made  canning  operations  most  profitable 
there,  and  the  output  acquired  a  reputation  which  still  gives  it  some 
preference  in  the  market.  Prior  to  1900  probably  95  per  cent  of  the 
canned  oysters  were  put  up  in  Baltimore  or  in^he  immediate  vicinity. 
The  southern  or  Gulf  oyster,  however,  has  been  proved  to  be  equally 
good  for  canning  purposes  and  the  industry  has  rapidly  assumed 
large  proportions  in  those  localities. 

The  oyster  grows  naturally  on  the  hard  reefs  in  from  15  to  180 
feet  of  water,  depending  upon  the  temperature.  In  the  Gulf  they 
grow  in  shallower  water.  They  will  also  grow  in  the  bayous  and 
flats  by  transplanting  and  furnishing  shells  or  hard  objects  to  which 
the  spawn  may  become  attached.  Formerly  no  regulations  were 
deemed  necessary  as  to  the  places  at  which  oysters  might  be  taken, 
but  since  the  rivers  have  become  polluted  with  city  sewage  it  is 
necessary  to  guard  carefully  against  oysters  from  contaminated  beds. 
The  different  States  regulate  the  time  when  the  fishing  may  be  done, 
whidi  is  generally  from  the  1st  of  September  until  the  1st  of  May. 
The  oysters  for  canning  are  usually  taken  from  the  beds  between  the 
1st  of  October  and  the  1st  of  April. 

Oysters  were  among  the  first  products  canned  in  this  country.  It 
is  recorded  that  some  were  put  up  in  an  experimental  way  in  New 
York  in  1819,  though  they  did  not  become  a  commercial  proposition 
until  the  work  was  developed  by  Thomas  Kensett  in  Baltimore  in 
1844.  In  the  beginning  all  the  oysters  were  shucked  raw,  by  hand. 
In  1858  Louis  McMurray,  of  Baltimore,  found  that  by  scalding  the 
oysters  in  boiling  water  the  shells  would  partially  open  and  the  labor 
of  shucking  could  be  lessened.  Two  years  later  the  system  of  steam- 
ing them  instead  of  scalding  was  developed,  and  no  material  change 
in  method  has  taken  place  since  that  time.  McMurray  is  said  to 
have  had  a  most  excellent  reputation  as  an  oyster  packer.  His 
method  was  to  save  all  the  liquor  and  condensed  steam  from  the 
steam  boxes,  filter  it,  and  use  it  in  filling  the  cans.  He  used  neither 
salt  nor  water.  There  is  probably  no  packer  in  the  business  at  the 
present  time  following  this  method. 

Oysters  are  obtained  by  dredging  and  by  tonging,  the  former  upon 
the  reefs  and  in  the  deeper  water,  and  the  latter  in  the  shallow  bayous 


Digitized  by 


Google 


64  THE  CANNING   OF  FOODS. 

where  planting  has  been  done.  The  usual  equipment  consists  of  a 
schooner  of  about  48-foot  keel,  55  feet  over  all,  and  16-foot  beam. 
When  loaded,  this  will  carry  about  275  barrels  of  oysters.  The  crew 
consists  of  a  captain  and  four  men.  A  dredge  is  carried  on  each 
side  of  the  boat  and  operated  by  two  men.  The  dredge  consists  of 
a  heavy  iron  rake  about  3  feet  wide,  to  which  is  attached  a  chain  or 
heavy  cord  purse,  the  mouth  of  which  is  held  open  by  an  iron  bar 
just  above  the  rake.  The  dredge  is  lowered  to  the  ground  and 
dragged  along  by  the  movement  of  the  boat.  The  rake  loosens  the 
oysters  from  the  rock  or  ground  and  they  are  collected  in  the  purse. 

At  short  intervals  the  dredge  is  drawn  on  board  by  means  of  a 
windlass,  the  purse  is  emptied,  and  the  operation  repeated.  The 
oysters  are  culled  in  some  places,  the  small  ones  being  returned.  The 
catch  is  put  in  the  hold  if  the  boat  is  out  in  warm  weather  or  is  to 
be  gone  for  more  than  a  day.  The  trips  are  generally  limited  to 
from  three  to  five  days  in  order  to  insure  delivery  in  a  fresh  condi- 
tion at  the  cannery.  Othw  varieties  of  smaller  boats  are  also  used, 
though  power  boats  are  generally  barred.  The  Gulf-coast  factories 
pay  about  60  cents  per  barrel  for  oysters  used  in  canning  and  80 
cents  per  barrel  for  those  used  in  the  fresh  trade,  owing  to  the 
difference  in  size.  The  barrel  is  rated  by  measure  and  not  by  wdght 
On  the  eastern  coast  the  measurement  is  by  the  bushel. 

The  oysters  are  rated  by  size.  If  there  are  from  800  to  1,000  to  a 
barrel  they  are  known  as  standard,  from  600  to  800  per  barrel  as 
selects,  and  from  450  to  600  per  barrel  as  extra  selects.  The  largest 
oysters,  known  as  "  counts  "  on  the  east  coast  or  as  "  plants "  on  the 
Gulf  coast,  run  less  than  450  per  barrel  and  are  always  sold  raw. 
The  larger  oysters  are  found  on  certain  reefs  on  which  work  has 
been  prohibited  for  given  periods  or  in  certain  water  where  plant- 
ing has  been  done.  The  term  "plants"  when  applied  to  eastern 
oysters  refers  to  those  taken  from  deep  water,  transplanted  in  shal- 
low water,  and  cultivated  until  they  have  attained  a  desired  size. 

When  the  oysters  are  brought  in,  they  are  hoisted  directly  from  the 
boat  to  the  steaming  car.  These  iron  cars  or  crates  are  28  inches 
wide,  19  inches  deep,  and  8  feet  long.  They  will  hold  five  barrels 
of  2^  bushels  each.  As  soon  as  the  car  is  filled  the  oysters  should  be 
given  a  thorough  washing  with  clean  water  to  remove  the  dirt  and 
mud  attached  to  the  shell  before  it  goes  to  the  steam  box,  otherwise 
there  is  contamination  during  the  shucking.  The  cars  are  wheeled 
from  the  dock  to  the  steam  box,  which  accommodates  three  cars. 
The  steamer  is  a  rectangular  iron  box,  just  large  enough  to  admit 
the  cars,  and  is  25  feet  in  length.  There  are  a  few  variations  from 
these  sizes,  biit  these  are  standard.  The  doors  are  closed  at  either 
end ;  steam  is  turned  on  until  a  pressure  of  10  pounds  is  reached,  and 
this  is  maintained  for  5  minutes.    The  doors  are  then  opened  and 
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the  oysters  allowed  to  cool  quickly  in  the  air.  It  is  important  that 
the  oysters  be  steamed  well  so  that  there  will  be  no  shrinkage  in  the 
can,  but  not  long  enough  to  cause  them  to  become  crummy.  Both 
the  time  and  the  temperature  at  which  the  steaming  is  done  seems 
to  have  been  fixed  by  experience,  as  none  of  the  superintendents 
seemed  to  know  what  the  effect  would  be  if  a  lower  temperature  and 
longer  time  or  higher  temperature  and  shorter  time  were  given. 

The  car  of  steamed  oysters  is  pushed  into  the  shucking  sheiL  the 
shuckers  standing  aromid  the  car  and  workmg  until  it  is  emptied. 
The  usual  number  of  shuckers  is  from  five  to  eight,  and  they  are 
generally  women  and  children. 

The  steamed  oyster  has  the  shell  partly  opened,  the  meat  being 
easily  removed  by  means  of  a  short,  heavy-bladed  knife.  The  oysters 
are  deposited  in  pans  which  are  hooked  to  the  oyster  car.  The 
shucker  receives  6  cents  for  3J  pounds  of  selects  or  3  pounds  of 
standards.  The  oysters  are  weighed  as  received  from  the  shuckers, 
washed,  and  placed  in  cans  by  weight  according  to  the  grade  and 
order.  The  cans  are  filled  with  a  weak  hot  brine  (2  pounds  of  salt 
to  10  gallons  of  water)  by  passing  the  cans  through  a  dip  box.  This 
method  was  used  at  one  time  in  other  lines  of  canning,  but  has  been 
superseded  by  more  sanitary  methods,  and  should  be  in  this  case. 

The  cans  are  capped  in  the  usual  manner,  either  by  hand  or  ma- 
chine, and  are  then  processed  in  the  retort  at  240°  F.,  the  Xo.  1  cans 
for  12  minutes  and  the  No.  2  for  15  minutes.  The  different  packet's 
vary  the  time  a  few  minutes,  but  practically  all  use  the  same  tem- 
pera tiu'e. 

The  OAsters  are  cooled  as  soon  as  sterilized^  and  when  dry  are 
ready  to  pack.  The  oyster  is  easily  sterilized,  it  is  not  hard  on  the 
can,  and  there  is  little  loss  from  spoilage. 

The  cans  used  are  the  No.  1  and  No.  1  tall,  or  shanghai,  and  the 
No.  2  and  No.  2  tall.  These  are  given  different  fills,  and  here  the 
consumer -is  the  victim.  The  practice  in  regard  to  size  and  fill  is  best 
illustrated  by  the  following  price  list  obtained  from  packers : 

Prices  of  the  rarions  grades  and  sizes  of  canned  oysters. 


Size  and  flll. 


Price  per 
ounce. 


Standard  oysters: 

No.  1  can,  1 J  ounces 

No.  1  can,  3  ounces 

No.  1  can,  4  ounces 

No.  1  tall,  5  ounces , 

No.  2  tall,  6  ounces 

No.  2  tall,  8  ounces , 

No.  2  tall,  10  ounces 

Select  oysters: 

No.  1  tall,  6  ounces 

No.  2  tall,  12  ounces 

Extra  select: 

No.  1  tall,  6  ounces 

No.  2  tall,  12  ounces , 

24210'— Bull.  151—12- 


10.25 
.20 
.16 
.14 
.22 
.171 
.15 

.22 
.21 

.25 

.24 
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The  variation  in  fill  is  not  different  from  that  of  some  other 
canned  foods,  but  as  there  is  nothing  upon  the  label  to  infonn  the 
consumer  concerning  the  contents  it  admits  of  unfair  dealing.  As 
the  liquor  is  nothing  but  salt  water  and  not  juice,  as  many  suppose, 
its  use  in  excess  of  the  amount  necessary  for  proper  packing  of  the 
article  is  not  justifiable.  It  would  undoubtedly  be  better  for  both 
packer  and  consumer  if  the  cans  we^e  confined  to  the  standard  No.  1 
and  No.  2  and  the  "  short "  and  "  intermediate  "  weights  eliminated. 
It  is  not  possible  to  pack  each  can  to  weigh  an  exact  amount,  as  some 
variation  will  take  place  in  the  water  absorbed  in  processing,  and  a 
single  oyster  over  or  under  weight,  especially  the  large  sizes,  may 
cause  a  variation  of  a  fourth  of  an  ounce  or  more  either  way.  They 
can  be  packed  so  that  they  will  average  the  weights  given,  and  the 
No.  1  should  not  weigh  less  than  4  ounces. 

The  term  "  cove  "  is  applied  to  any  canned  oyster.  It  originally 
meant  only  the  oysters  obtained  on  the  western  shores  of  Chesapeake 
Bay  and  was  distinctive  of  quality.  Gradually  any  oyster  became 
a  cove  oyster,  and  now  it  refers  to  canned  oysters  irrespective  of 
where  they  are  obtained. 

Salmon. 

Salmon  canning  on  the  Pacific  coast  is  one  of  the  large  canning 
industries,  and  is  of  so  much  importance  that  Government  aid  is  ex- 
tended in  maintaining  fish  hatcheries  in  order  to  keep  up  the  supply. 
The  first  salmon  canning  was  done  on  the  Sacramento  River  in  1864, 
later  on  the  Columbia  River  in  1866,  in  British  Columbia  in  1874,  and 
in  Alaska  in  1882.  The  value  of  the  salmon  pack  on  the  Pacific 
coast  is  more  than  $10,000,000  annually. 

There  are  four  species  of  salmon  which  have  large  commercial  im- 
portance, Oncorhynckus  tschawytscha^  the  chinook,  quinnat,  red 
spring,  or  King  Alaska;  0.  nerka^  the  sockeye,  blue  back,  or  red 
fish ;  0.  kisntch,  cohoe,  silver,  or  silver  sides;  and  0.  gorhyscha^  hump- 
backs or  pink  Alaska.  Preference  is  given  to  the  bright  pink  color 
by  the  consumer,  but  for  real  quality  the  paler  cohoe  excels  some  of 
the  others,  the  flesh  being  less  dry  and  containing  more  oil  and  a 
better  flavor. 

The  salmon  are  caught  in  the  rivers  as  soon  as  practicable  after 
they  leave  the  sea  on  the  way  to  the  spawning  grounds.  They  are 
caught  by  nets,  seines,  traps,  and  fish  wheels.  The  catching  of  the 
fish  is  dcMie  on  an  elaborate  scale,  an  idea  of  which  may  be  gained 
from  a  brief  description  of  a  trap.  This  consists  of  a  steel-wire 
netting,  starting  at  the  shore  and  carried  out  into  the  stream  at  an 
upward  angle  for  a  distance  of  about  2,500  feet.  This  netting  is 
supported  by  piles  placed  about  15  feet  apart.     At  the  outer  end  is  a 
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large  square  compartment  known  as  the  pot.  This  is  usually  about 
40  by  40  feet  and  in  water  as  deep  as  65  feet.  This  pot  contains  a 
dip  net  equal  to  its  area.  Just  previous  to  reaching  the  pot  the 
trap  is  made  to  zigzag  or  assume  a  heart  shape,  so  that  the  fish  in 
trying  to  pass  up  the  stream  will  be  directed  into  the  pot*  Adjoin- 
ing the  pot  is  a  spiller,  which  is  similar  in  construction,  but  of  smaller 
size,  having  a  tunnel  or  of^ening  connecting  the  two.  The  fish  pass 
from  the  pot  to  the  spiller  and  are  taken  out  by  the  dip  net  or  brailer, 
which  is  12  by  12  feet  and  is  cast  and  drawn  on  board  the  boat  by 
power,  literally  lifting  out  hundreds  of  fish  at  a  time.  They  are 
hurried  to  the  factory  as  rapidly  as  possible,  where  they  are  unloaded 
upon  the  dock  by  means  of  elevators  or  pews. 

It  is  the  general  practice  to  permit  the  fish  to  remain  out  of  water 
in  bins  for  24  hours  before  canning,  as  a  certain  amount  of  shrinkage 
takes  place,  otherwise  there  may  be  excessive  blowing  of  the  juice  on 
venting.  The  fish  are  washed  free  from  slime  or  gurry  before  they 
go  to  the  butchering  room. 

The  dressing  of  the  fish,  or  butchering  as  it  is  called,  is  done  speed- 
ily, mostly  by  machinery.  The  head  and  tail  are  sawed  off  on  a  band 
saw,  where  formerly  they  were  cut  off  with  a  cleaver.  The  fish  is  then 
fed  into  the  "chink''  tail  first  and  back  down.  By  the  revolution  of 
this  wheel,  the  fins  are  removed  by  special  knives,  the  body  is  split 
open,  the  viscera  torn  out,  and  the  interior  wall  scrubbed  by  revolving 
brushes.  The  dressed  fish  is  delivered  into  a  tank  of  water,  and  the 
offal  delivered  with  the  gurry.  The  iron  chink  does  a  better  job  than 
is  done  by  hand,  and  is  the  most  important  machine  in  the  canning 
of  salmon.  After  the  fish  has  been  dropped  into  the  tank  of  cold 
water,  it  is  scrubbed  thoroughly  with  brushes  until  it  is  clean. 

The  dressed  fish  is  placed  upon  a  special  slitted  elevator,  which 
feeds  it  transversely  into  a  series  of  revolving  disks,  which  cut  it  into 
lengths  corresponding  to  the  height  of  the  can.  There  are  a  variety 
of  lengths  used,  but  there  are  three  which  are  standard;  the  No.  1 
tall.  No.  1  flat,  and  the  half  pound.  Seven  knives  are  used  in  the 
gang  for  cutting  for  tall  cans,  13  knives  for  flat,  and  17  knives  for 
half-pound  cans. 

The  grading  of  the  fish  is  done  on  the  basis  of  solid  and  less  de- 
sirable body  cuts.  The  filling  of  the  choice  parts  is  done  by  hand, 
and  each  can  weighed.  The  short  weights  are  supplemented  by  bits, 
but  overweight  is  not  reduced.  Much  of  the  filling,  especially  of  the 
less  expensive  cuts,  is  done  by  machinery.  The  cans  used  must  all  be 
open  top,  and  this  is  later  either  soldered  or  the  joint  made  with  a 
double  seamer. 

The  solder  capping  of  the  cans  is  different  from  that  practiced  in 
other  packing.  First  a  piece  of  tin  with  the  corners  bent  up  is  placed 
on  the  fish,  then  the  can  is  set  in  a  machine  which  wipes  the  upper 
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edge,  after  which  the  end  is  put  in  place,  and  the  can  passed  through 
another  machine  which  crimps  the  end  to  tiie  sides.  This  end  con- 
tains a  small  hole  or  tip.  The  can  then  rolls,  head  downward,  into  a 
V-shaped  groove  which  contains  flux,  and  continues  its  rolling  in 
another  section  of  the  groove  containing  solder,  and  it  is  here  that  the 
final  sealing  is  done.  The  heating  of  the  contents,  due  to  the  hot 
solder,  causes  some  steam  to  be  generated,  and  it  is  for  the  purpose 
of  allowing  this  to  escape  that  the  piece  of  tin  is  placed  within  and 
under  the  vent.  'WTien  the  can  leaves  the  soldering  trough  it  is  turned 
over  and  the  vent  closed  or  tipped.  With  sanitary  cans  no  tin  nor 
vent  is  needed,  the  cap  being  attached,  and  sealed  by  machinery. 

The  cans  are  then  placed  in  trays,  the  standard  size  being  35  inches 
square  and  3  inches  deep.  Each  tray  will  hold  160  tall  or  86  flat 
standard  No.  1  cans,  the  cans  being  on  end  in  a  single  tier.  The  test 
for  leaks  is  to  set  the  tray  in  boiling  water  for  a  few  seconds  and 
watch  for  bubbles.  Eight  trays  make  a  basket,  and  this  constitutes 
a  charge  for  the  retort. 

The  process  consists  of  heating  at  220®  F.  for  30  minutes,  then 
taking  out  the  fish,  venting,  and  retipping,  and  giving  a  subsequent 
heating  for  1  hour  and  15  minutes  at  250°  F.  When  open-top  cans 
are  used,  the  filled  cans  are  run  through  an  exhaust  box  very  slowly 
so  that  they  are  thoroughly  heated  before  the  cover  is  attached. 
Venting  becomes  unnecessary,  but  the  time  of  cooking  remains  un- 
changed— that  is,  the  single  heating  is  equal  to  both  periods  under  the 
old  method.  The  hot  cans  are  immersed  in  lye  to  remove  grease  and 
oil  and  are  then  cooled  in  water.  The  net  weight  of  the  1-pound 
tall  or  flat  can  should  average  16  ounces. 

Sardines. 

The  sardines  caught  on  the  Pacific  coast  are  much  larger  than  those 
taken  in  the  East  and  are  handled  in  a  different  manner.  They  are 
caught  in  nets  at  night,  and  on  being  brought  to  the  factory  in  the 
morning  are  put  into  bins  and  kept  wet  with  running  water  for  some 
hours.  They  are  then  dressed,  scaled,  heads  and  viscera  removed, 
and  again  thoroughly  washed  in  two  or  more  changes  of  water. 
They  are  next  dipped  in  strong  salt  brine  for  a  few  minutes,  rinsed, 
and  placed  in  wire  trays  to  dry.  In  order  to  expedite  the  drying  the 
trays  are  carried  through  a  mechanical  dryer  so  that  all  surface 
water  will  be  removed.  The  crates  are  then  dragged  through  a  vat 
of  boiling  oil,  the  length  of  time  being  that  necessary  to  cook  the 
fish  thoroughly,  usually  about  5  minutes.  They  are  left  in  the  crates 
until  cool,  which  is  usually  until  the  following  day,  placed  in  the  cans 
by  hand,  oil  or  sauce  added  to  fill  the  interspaces,  carefully  exhausted, 
and  processed  at  240^  F.  for  1  hour  and  15  minutes. 
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ShbiuP. 

The  shrimp  is  a  crustacean  and  belongs  in  the  same  general  class 
as  crabs,  crayfish,  and  lobsters.  There  are  a  number  of  varieties  found 
in  this  country,  but  the  one  used  for  canning  is  the  Gulf  shrimp, 
Panaeus  hrasiUensis,  The  shrimp  found  in  the  fresh  waters  and 
west  coast  are  used  fresh,  but  are  too  small  to  be  used  in  canning. 
The  Gulf  shrimp  resembles  a  large  crayfish  and  is  from  5  to  7  inches 
long.  They  inhabit  the  deep  waters  and  come  to  the  shore  twice  each 
year.  They  are  active  swimmers  and  are  provided  with  very  long 
antennae.  The  abdomen  is  the  only  part  of  the  shrimp  that  is  used, 
the  head  and  thorax  being  thrown  away. 

The  first  attempt  to  can  shrimp  was  made  by  Mr.  G.  W.  Dunbar, 
of  New  Orleans,  in  1867.  His  efforts  did  not  meet  with  success  until 
1875,  at  which  time  he  devised  the  bag  lining  for  the  cans.  In  1880 
a  factory  was  started  at  Biloxi,  Miss.,  and  from  that  time  to  the 
present  the  majority  of  all  the  slirimp  canned  has  been  put  up  in  these 
two  cities.  It  is  only  within  the  past  10  years  that  the  canning  of 
shrimp  has  assumed  considerable  importance,  but  is  still  limited  to 
about  a  dozen  places  in  Louisiana  and  Mississippi.  A  cannery  was 
started  in  Texas  but  failed  to  secure  a  regular  supply,  and  the 
oyster  canneries  in  Florida  could  not  secure  enough  to  make  it  profit- 
able to  prepare  to  receive  them.  The  early  supply  of  shrimp  was 
obtained  from  Barataria  bayou  or  lake,  which  gave  the  distinctive 
name,  Barataria  shrimp.  The  name  is  often  improperly  used  now. 
The  shrimp  sent  to  England  are  called  prawns. 

Shrimp  are  caught  in  February*  March,  and  April,  and  in  Sep- 
tember, October,  and  early  November.  The  run  is  uncertain,  and  a 
catch  depends  upon  the  state  of  the  weather;  the  quantity  taken  is 
very  irregular.  The  shrimp  are  caught  only  in  shallow  water  along 
the  shore.  Previous  to  this  year  (1911),  all  catches  had  to  be  made  in 
less  than  6  feet.  Newer  apparatus  has  been  invented  making  it 
possible  to  take  them  in  water  10  feet  in  depth.  The  shrimp  are 
located  by  coui'sing  over  the  ground  in  a  small  sailboat  or  a  skiff 
and  trying  with  a  cast  net.  This  is  a  circular  net  from  6  to  8  feet 
in  diameter  with  leads  every  few  inches  around  the  edge  and  a  cord 
attached  for  drawing  it  together.  A  man  stands  at  the  bow  of  the 
boat  and  makes  trial  throws  until  a  school  is  located.  When  the 
shrimp  are  found  the  large  seine  is  anchored  on  the  shore  at  one  end 
and  the  boat  rowed  out  and  around  as  large  an  area  as  the  seine  will 
cover.  As  soon  as  the  second  end  is  brought  to  the  shore  the  men 
bring  the  two  ends  together  and  begin  to  draw  in  the  seine.  If  the 
weights  hang  close  upon  the  ground  the  chances  for  a  catch  are  good, 
but  if  the  seine  should  rise  the  shrimp  will  find  a  way  out  very 
quickly.    The  handling  of  the  seine  requires  wading  in  water  frcHn 
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2  to  4|  feet  in  depth.  The  seine  is  drawn  in  such  a  manner  as  to 
cause  the  shrimp  to  go  into  the  purse  in  their  attempt  to  escape. 

As  soon  as  the  catch  is  made  safe  the  boat  is  brought  alongside 
and  the  shrimp  dipped  out  with  scoop  nets.  They  are  stowed 
promptly  in  the  hold  of  the  vessel  and  well  iced  if  the  weather  is 
warm  or  the  trip  is  to  continue  for  more  than  a  day.  The  seines 
used  in  shrimp  fishing  are  from  150  to  225  fathoms  in  length  (900 
to  1,350  feet)  and  from  140  to  150  meshes  wide.  (A  mesh  is  three- 
quarters  of  an  inch,  giving  a  width  of  105  to  112  inches.)  The  new 
apparatus  for  handling  the  seine  consists  of  a  stake  with  special 
pulleys  near  the  bottom  so  that  the  seine  may  be  drawn  from  below 
without  a  tendency  to  raise  it  off  the  ground. 

The  boat  equipment  for  catching  shrimp  is  essentially  the  same  as 
for  handling  oysters,  so  that  they  are  used  interchangeably.  The 
seine  takes  the  place  of  the  dredges  and  windlass,  and  the  crew  is 
usually  made  up  of  five  or  six  men.  The  boats  will  carry  about  140 
barrels  of  iced  shrimp. 

Shrimps  are  weighed  instead  of  measured,  a  barrel  being  200 
pounds.  The  pay  for  catching  is  $8.50  per  barrel  in  the  fall  and  $4 
in  the  spring.  The  fall  run  is  the  more  certain  catch  and  requires 
less  ice,  which  makes  the  difference  in  the  schedule  of  prices. 

When  the  shrimp  are  brought  on  the  dock  they  are  stored  in  ice 
until  ready  to  use.  The  ice  makes  the  peeling  easier  and  is  necessary 
to  prevent  spoilage.  The  removal  of  the  head  and  shell  is  known  as 
"  peeling  "  the  shrimp,  and  this  is  done  for  all  canned  shrimp.  The 
head  and  thorax  break  from  the  heavy  tail  with  ease  and  a  slight 
squeeze  will  separate  the  fleshy  portion  from  the  shell.  This  work 
is  done  rapidly ;  the  pay  for  peeling  is  about  1  cent  per  pound.  The 
peeled  shrimp  are  thoroughly  washed  in  two  or  more  changes  of 
water  and  are  then  ready  for  blanching.  The  blanching  consists  in 
boiling  the  shrimp  in  salt  water^  vhich  is  done  by  suspending  them 
in  a  wire  basket  in  the  boiling  brine.  The  time  of  the  blanch  is 
usually  about  four  minutes  for  the  wet  pack  and  five  minutes  for  the 
dry  pack.  The  salt  in  the  brine  is  in  the  proportion  of  about  1 
pound  per  gallon  of  water.  Up  to  the  time  the  shrimp  go  into  the 
blanch  they  are  white  or  slightly  gray  in  color;  the  boiling  in  the 
brine  causes  them  to  become  bright  pink  or  red. 

The  shrimp  are  turned  out  upon  trays  having  wire  netting.  As 
soon  as  cool  they  are  filled  into  cans  by  hand,  each  can  being  weighed. 
The  shrimp  are  all  packed  in  either  Xo.  1  or  No.  1^  cans,  the  former 
having  4^  ounces  and  the  latter  9  ounces.  There  is  no  attempt  at 
grading. 

Shrimp  are  put  up  in  what  are  known  as  dry  and  wet  packs.  In 
the  dry  pack  no  liquor  is  added,  w^hile  in  the  wet  pack  brine  is  used. 
The  process  for  dry  shrimp  is  1  hour  at  240"*  F.  or  4  hours  at  212*^  F. 
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for  No.  1  cans,  and  75  minutes  at  240°  F.  and  4  hours  at  212°  F.  for 
No.  1^  cans.  The  process  for  wet  shrimp  is  11  minutes  for  No.  1  and 
12  minutes  at  240°  F.  for  No.  1^  cans. 

The  fill  of  4^  and  9  ounces  in  the  No.  1  and  No.  1^  cans  has  the 
appearance  of  being  light  weight  or  slack  filled.  Experience  has 
shown,  however,  that  close  filling  causes  matting  of  tlie  shrimp  and 
an  unsightly  appearance.  The  wet-packed  shrimp  are  preferred  by 
those  who  are  familiar  with  the  fresh  article.  They  have  better 
texture,  odor,  and  taste  than  the  dry  packed.  A  barrel  of  good 
shrimp  will  pack  190  No.  1  cans  or  100  cans  of  No.  1^. 

Formerly  shrimp  were  put  up  in  bulk  with  a  preservative.  These 
were  headless  (only  the  head  and  thorax  removed,  the  shell  left  on), 
and  since  that  method  of  preservation  is  no  longer  approved,  very 
few"  shrimp  are  obtained  upon  the  market  other  than  canned.  Some 
pickled  hesidless  shrimp  are  put  up  in  1  to  5  gallon  cans  for  hotels. 
These  are  boiled  in  strong  brine  for  several  minutes  and  put  up  in  a 
saturated  salt  solution.  They  keep,  but  are  very  salty,  and  as  it  takes 
a  long  time  to  freshen  them  they  are  not  available  for  immediate  use. 

Shrimp  are  difficult  to  keep.  Put  up  in  the  ordinary  tin  can  they 
will  blacken  in  a  short  time  and  will  attack  the  tin,  making  minute 
holes.  Success  in  canning  shrimp  was  dependent  upon  lining  the  can. 
This  was  first  done  by  Mr.  G.  W.  Dunbar,  of  New  Orleans,  in  1875. 
The  method  consisted  in  inserting  a  sack  in  the  can  and  filling  it 
with  the  shrimp  to  prevent  their  coming  in  direct  contact  with  the 
tin.  Later  a  thin  veneering  of  wood,  corn  husks,  parchment  paper, 
asphaltum,  and  enamels  were  used.  Parchment  paper  is  used  by  all 
packers,  with  possibly  one  exception,  at  this  tune ;.  in  this  case  wood 
veneer  is  used. 

MILK. 

Canned,  condensed,  or  evaporated  milk  is  one  of  the  large  indus- 
tries in  this  country.  It  is  put  up  as  plain  or  sweetened  evaporated 
milk.  The  condensory  is  usually  located  in  a  good  dairy  section 
where  a  sufficient  quantity  of  milk  can  be  obtained  by  direct  delivery 
in  a  very  short  time.  The  production  must  be  under  similar  condi- 
tions to  those  obtaining  in  city  dairying.  The  cows  must  be  healthy, 
the  dairy  sanitary,  the  milking  done  in  a  cleanly  manner,  and  the 
milk  cooled  and  delivered  promptly.  The  matter  of  cooling  and 
prompt  delivery  is  more  important  than  in  the  city  delivery,  for  the 
production  of  a  slight  acidity  will  interfere  with  condensing  to  a  con- 
sistency where  the  product  will  comply  with  the  law. 

On  being  received  at  the  condensory  the  milk  is  immediately  tested 
for  acidity  and  fat,  and  if  the  former  exceeds  0.2  of  1  per  cent  the 
milk  is  rejected  for  regular  trade,  though  it  may  be  accepted  at  a 
lower  price  for  making  a  cheaper  grade  for  confectioners'  use. 
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The  milk  is  run  through  a  clarifier  to  remove  any  foreign  mate- 
rial not  taken  out  by  the  home  strainer.  It  is  next  drawn  into  a 
large  tank  which  will  hold  an  amount  sufficient  to  charge  the  pan. 
The  milk  of  several  herds  is  mixed  in  order  to  secure  uniformity 
in  the  fat  content.  Each  tank  is  tested  for  fat  and  solids  so  that 
the  exact  ratio  of  concentration  needed  to  give  a  certain  result  may 
be  known.  The  milk  is  given  a  preliminary  heating,  usually  to 
190°  F.j  though  there  may  be  some  variation  in  the  different  plants. 
The  milk  is  then  ready  for  the  vacuum  pan,  which  consists  of  a 
large  copper  kettle  completely  hooded  and  connected  at  the  top 
with  a  pump.  The  milk  is  heated  in  this  kettle  by  means  of  a  coil 
on  the  inside.  The  pump  draws  a  vacuum  of  25  to  29  inches  and 
evaporation  with  violent  agitation  takes  place  at  130°  F. ;  the  tem- 
perature is  usually  kept  below  150°.  When  the  batch  is  nearly  fin- 
ished, a  "  strike  "  is  made  or  a  sample  is  drawn  to  test  the  consistency. 
The  milk  may  or  may  not  be  run  through  a  homogenizer  to  divide  the 
fat  into  such  fine  particles  that  the  cream  will  not  rise  in  the  finished 
product.  It  is  next  drawn  into  a  filler,  and  in  so  doing  the  tempera- 
ture may  be  raised  to  about  165°  or  170°  F.,  or  the  can  may  be  filled 
cold. 

The  processing  is  done  in  retorts  which  differ  from  those  used 
in  vegetable  packing  in  that  special  crates  are  provided  which  carry 
the  cans  and  revolve  so  that  the  contents  will  be  kept  m  a  smoother 
condition.  Both  the  time  and  temperature  for  condensation  vary 
in  different  factories,  and  in  careful  work  tests  are  made  on  a  few 
cans  before  the  batch  is  processed.  In  general  it  may  be  said  that 
the  temperature  varies  from  225°  to  240°  F.,  the  time  depending  upon 
the  degree  of  condensation  desired,  the  condition  of  the  milk,  and  the 
size  of  the  can.  Twenty  minutes  for  a  6-ounce  and  28  minutes  for 
a  12-ounce  can  at  240°  F.  is  safe.  Immediately  at  the  close  of  the 
cooking  the  cans  are  cooled,  placed  in  cases,  and  shaken  for  three 
minutes. 

Condensed  milk  can  not  be  used  for  all  the  purposes  of  fresh 
milk,  and  is  somewhat  less  digestible  than  the  fresh  on  account  of 
the  cooking.  It  is  an  excellent  substitute  for  many  purposes  and 
the  evaporated — that  is,  the  unsweetened  product — has  the  advantage 
of  being  sterile. 

SPECIALTIES   AND   SOUPS. 
Beans,  Baked. 

Pork  and  beans,  beans  and  tomato  sauce,  and  baked  beans  are 
the  ways  which  the  labels  read  on  the  product  which  a  few  j^ears  ago 
was  known  only  as  "  baked  beans."  The  beans  used  for  this  purpose 
are  the  small  white  pea  or  na\n^'  bean.  They  are  chiefly  grown  in 
New  York,  Michigan,  and  Wisconsin  and  are  a  regular  field  crop, 
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sowed,  cultivated,  and  harvested  when  ripe  and  used  only  in  the  fully 
ripe  dried  state.    The  quantity  used  in  this  way  is  enormous. 

The  beans  should  be  of  good  quality,  small,  white,  machine-cleaned, 
and  hand-picked  for  defects.  The  first  step  in  preparation  is  soak- 
ing, and  this  is  done  in  tanks  or  barrels  and  lasts  for  from  12  to  24 
hours,  depending  upon  the  method  of  handling.  The  water  is 
changed  in  the  tank  about  once  in  6  hours,  or,  on  the  fancy  article, 
about  once  in  4  hours. 

From  this  point  on  the  preparation  varies  greatly  in  different  fac- 
tories. For  the  very  cheap  trade  the  beans  are  boiled  in  a  squirrel 
cage  or  pea  blancher  for  a  few  minutes  before  placing  them  in  the 
can:  others  boil  them  very  slowly  in  an  iron-jacketed  kettle  from  30 
minutes  to  3  hours  before  canning.  Some  boil  them  just  long  enough 
to  slip  the  skin,  the  length  of  time  depending  wholly  upon  the  grade 
of  the  bean. 

Before  the  cans  are  filled,  a  piece  of  pork  is  placed  in  the  can,  then 
the  beans,  and  finally  the  sauce.  The  sauce  varies  greatly,  though 
tomato  sauce  is  the  most  popular  at  present.  This  is  made  from  a 
good  heavy  pulp,  salt,  sugar,  and  spices,  the  proportions  being  varied 
to  suit  the  fancy  of  the  packer.  Plain  sauce  is  made  with  water, 
salt,  sugar,  molasses,  and  spice.  It  is  important  that  just  the  proper 
quantity  of  sauce  be  added,  for  in  the  processing  some  moisture  will 
be  taken  up  by  the  beans,  and  if  too  little  sauce  or  moisture  is  added 
they  will  be  dry  and  hard,  while  if  an  excess  be  added  they  will  be 
sloppy. 

In  these  methods  there  is  no  real  baking,  the  beans  having  been 
soaked  and  boiled.  They  are  subsequently  heated  in  the  can  at  a 
baking  temperature,  but  no  moisture  can  escape,  and  baking  gen- 
erally implies  that  the  material  is  subjected  to  dry  heat,  usually  in 
an  oven.  The  real  characteristic  is  the  change  in  and  breaking  up 
of  the  tissues  with  loss  of  weight,  due  to  the  escape  of  moisture. 
Formerly  baking  was  done  under  hot  ashes  or  coals,  in  clay  or  brick 
ovens;  now  it  is  done  in  stoves  and  special  ovens,  and  the  latter  may 
be  heated  by  steam.  Tlie  same  results  may  be  accomplished  in 
superheated  steam  as  in  hot  air.  The  difference  between  baking  and 
roasting  is  not  always  clear,  but  between  baking  and  boiling  there  is 
a  distinction.  The  term  "  baked  "  beans,  therefore,  implies  that  they 
have  been  exposed  to  a  dry  heat.  This  is  accomplished  by  heating  the 
soaked  beans  for  a  short  time,  until  they  soften  but  do  not  break  open 
or  become  mushy.  They  are  then  placed  in  large  pans  in  thin  layers 
and  allowed  to  bake  in  ovens  until  they  become  dry  and  mealy  and 
develop  the  characteristic  brown  color.  The  beans,  when  poured 
upon  the  filling  table  will  readily  separate  from  one  another.  An- 
other method  is  to  place  the  beans  in  large  trays  in  the  retort  and; 
subject  them  to  dry  steam  until  dry  and  mealy.    The  result  is  almost^ 
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the  same  as  in  the  oven — a  loss  of  about  8  per  cent  in  weight  taking 
place  and  giving  the  same  dry  baked  bean.  These  are  filled  in  the 
can  and  sauced,  as  has  already  been  described. 

The  processing  of  beans  will  depend  altogether  upon  the  method 
of  preparation,  usually  from  1  hour  to  2i  hours  for  a  Xo.  2  can,  at 
a  temperature  of  from  245°  to  250°  F. 

There  is  probably  no  staple  canned  which  presents  more  variety 
in  quality  and  flavor  than  the  bean.  The  best  is  a  high-grade  prod- 
uct, the  beans  used  are  expensive,  and  the  dressing,  if  made  of  tomato, 
is  good  pulp,  the  same  care  being  given  in  its  preparation  as  is  used 
in  preparing  any  other.  Not  so  much  can  be  said  for  some  of  the 
very  cheap  brands,  the  beans  used  are  inferior,  the  pulp  used  is 
from  trimming  stock,  and  the  object  is  to  get  as  much  water  in  the 
can  as  possible.  The  net  weight  of  beans  in  U  No.  1  can  should  be 
not  less  than  19  ounces. 

Hominy. 

Canned  hominy  is  used  in  every  mining  and  logging  camp  in  the 
country.  It  is  primarily  the  diet  for  the  hard  worker,  but  is  also 
used  with  milk  to  take  the  place  of  a  breakfast  food  in  thousands 
of  homes.  It  was  first  packed  in  1895  by  Mr.  I.  V.  Smith,  of  Delphi, 
Ind.,  and  almost  immediately  others  followed. 

Hominy  is  made  from  selected  white  corn.  The  shelled  grain  is 
f^creened  to  take  out  all  small,  defective,  or  split  grains,  and  any  chaff 
or  foreign  substance.  It  is  then  washed  and  run  into  the  lyeing  ma- 
chine. Here  the  com  is  treated  with  a  hot  solution  of  lye,  during 
which  time  it  is  constantly  cooked  an^  agitated  until  the  tough  hull 
loosens.  The  strength  of  the  lye  and  the  length  of  time  required  for 
the  cooking  varies  at  different  factories;  the  time  of  cooking  varies 
from  20  to  45  minutes.  After  the  lye  has  accomplished  its  work  the 
grain  is  run  through  a  huller,  which  is  in  reality  a  short  conical 
"  cyclone,"  which  removes  the  hull  and  tips. 

The  grain  is  next  washed  in  a  squirrel  cage,  pea  blancher,  or 
hominy  washer.  The  different  canners  use  very  different  methods  at 
this  point.  Some  soak  the  corn  over  night  in  order  to  have  the 
kernels  swell  to  the  maximum  before  canning;  others  soak  and  cook 
for  only  a  short  time,  an  hour  or  two;  while  some  fill  the  cans  at  once 
and  depend  upon  the  swelling  in  the  process  to  give  the  desired  result. 
The  soaking  has  the  effect  of  getting  rid  of  traces  of  lye,  makes  a 
more  tender  kernel,  and  a  clearer  liquor.  The  cans  are  so  filled  that 
when  the  process  is  completed  the  grains  fill  the  can  nearly  full  and 
should  be  covered  by  only  one-fourth  inch  of  liquor.  The  liquor 
should  be  fairly  clear  and  few  black  tips  present. 

The  standards  adopted  for  hominy  by  the  Indiana  Canning  Associ- 
ation are — 
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No.  3  Fancy:  Minimum  weight  after  draining  a  can,  22  ounces, 
and  to  fill  to  one-half  inch  of  the  top  of  the  can.  Not  more  than  2 
per  cent  of  black  tips.    Prepared  from  selected  white  corn. 

No,  3  Staiidard:  Minimum  gross  weight,  39  ounces,  18  ounces  of 
hominy  after  draining,  and  can  to  be  filled  to  1  inch  of  the  top  when 
drained.  Prepared  from  medium-sized  white  corn  and  to  contain 
not  more  than  5  per  cent  of  black  tips.  This  weight  is  too  low  and 
should  be  not  less  than  20  ounces  in  a  No.  3  can. 

Sauerkraut. 

Sauerkraut  is  made  by  the  natural  fermentation  of  cabbage  in  casks. 
The  cabbage  heads  are  stripped  of  all  outside  or  green  leaves,  leaving 
only  the  white  sound  head.  It  is  then  cut  into  thin  slices  in  a  specially 
constructed  machine.  The  long,  fine-cut  cabbage  is  evenly  spread  and 
well  packed  in  casks.  To  each  layer  salt  is  added  at  the  rate  of  about 
2  pounds  per  100  pounds  of  cabbage.  The  salt  is  used  as  flavor- 
ing and  to  modify  in  some  degree  the  fermentation.  If  too  much 
salt  is  used,  a  pinkish  color  results;  if  too  little,  the  fermented  product 
may  become  more  or  less  slimy.  The  temperature  of  the  weather  at 
the  time  of  putting  up  the  cabbage  also  influences  the  fermentation. 
If  the  weather  is  very  warm,  the  fermentation  is  too  rapid,  the 
product  has  a  very  white  but  more  or  less  slimy  appearance,  and  the 
cabbage  is  tough  rather  than  of  a  natural  crispness.  If  the  tempera- 
ture is  very  low,  fermentation  will  be  arrested.  The  best  tenii^erature 
is  probably  between  60°  and  70°  F.,  and  the  process  requires  about 
4  weeks.  Fermentation  begins  as  soon  as  the  cabbage  is  placed  in 
the  cask,  but  there  is  only  a  slight  rise  of  temperature  as  compared 
with  most  fermentation  processes.  A  heavy  foam  rises  to  the  top, 
which  must  be  skimmed  oS.  every  day,  and  when  this  ceases  to  form 
the  brine  goes  down  and  the  process  is  complete.  Use  can  be  made 
of  the  kraut  at  once,  though  it  seemsi.  to  be  better  after  standing. 
The  kraut  will  keep  in  the  casks  for  a  long  time,  provided  there  is  no 
leakage,  and  the  spoilage  is  usually  limited  to  a  few  inches  on  the  top. 

Kraut  is  easily  canned,  which  is  the  only  clean  way  of  dispensing 
it  in  groceries  in  small  quantities.  The  canning  should  be  done  where 
the  kraut  is  made.  The  shipping  of  kraut  in  barrels  to  distant  points 
to  be  canned  has  nothing  to  commend  it  and  much  to  condemn  it 
The  repacking  in  barrels  means  labor  and  loss  of  material,  and  in 
too  many  cases  the  loss  of  natural  brine,  after  which  spoilage  takes 
place  easily.  The  canning  should  be  done  while  it  is  in  the  fresh- 
est possible  state  at  the  point  of  production.  Kraut  is  easily  kept* 
The  cans  should  be  filled  full,  weighed,  and  sufficient  hot  water  added 
to  fill  the  can ;  then  exhausted,  capped,  and  processed  at  boiling  tem- 
perature for  25  minutes. 


Digitized  by 


Google 


76  THE  CANNING  OF  FOODS. 

A  properly  filled  No.  3  can  should  not  contain  less  than  22  ounces 
of  kraut,  as  determined  by  emptying  upon  a  sieve  of  one-eighth  inch 
mesh  and  allowing  to  drain  for  two  minutes. 

SOUPS. 

Soups  of  almost  every  description  may  be  obtained  in  cans.  There 
is  no  standard,  but  each  one  is  made  according  to  the  formula  of  the 
particular  packer.  Some  soups  are  concentrated,  while  others  are 
ready  for  use.  They  are  practically  all  packed  under  Government 
inspection,  both  of  the  plant  and  the  materials  used.  No  meat 
products  can  enter  interstate  trade  without  being  inspected,  and  since 
nearly  all  soups  contain  either  meat  or  stock  made  from  meat,  they 
must  comply  with  all  the  requirements  governing  meat  inspection. 

Soups  are  classed  as  meat  or  vegetable,  though  there  are  but  few 
of  the  latter  that  are  not  made  from  some  kind  of  meat  stock.  The 
usual  procedure  in  making  soup  is  to  select  the  meat  stock,  which  is 
usually  beef,  though  veal  or  mutton  may  be  added.  The  meat  used 
by  some  of  the  best  factories  is  of  the  very  highest  quality,  not 
merely  any  meat  which  has  passed  inspection.  This  is  cut  into 
pieces,  the  size  depending  upon  whether  it  is  to  be  used  in  the  soup 
or  only  for  the  stock,  and  is  placed  in  large  steel  kettles.  These  are 
heated  by  steam  and  covered  tightly,  so  that  the  stock  may  be  cooked 
slowly  without  evaporating.  The  cooking  is  continued  below  the 
boiling  point  for  several  hours,  depending  upon  the  kind  of  meat 
used  and  the  care  given  to  ,  the  making  of  the  soup.  The  slow 
cooking  has  the  effect  of  bringing  out  the  extractives,  giving  a  better 
flavor  and  a  richer  product.  The  liquor  is  skimmed  at  regular  in- 
tervals, and  if  the  stock  is  for  a  clear  soup  or  a  bouillon,  it  is  clari- 
fied with  eggs  and  filtered.  If  for  a  soup  containing  the  meat,  this 
last  operation  may  be  omitted. 

The  vegetables  used  in  making  soups  are  carrots,  turnips,  parsnips, 
peas,  beans,  onions,  leeks,  celery,  okra,  tomatoes,  etc.  As  far  as 
possible,  these  should  be  used  in  their  fresh  state,  but  as  it  is  not 
possible  to  have  them  all  fresh  at  the  same  time  the  canned  article 
must  be  substituted.  The  vegetables  used  are  prepared  separately, 
washed,  peeled,  cut  into  pieces,  cubes  or  special  forms,  blanched,  and 
in  some  cases  given  a  separate  cooking  to  get  the  proper  tenderness. 
These  are  mixed  in  the  proportions  desired,  placed  in  the  cans  by 
weight,  and  the  stock  added  afterwards.  The  process  will  depend 
upon  the  body,  whether  thick  or  thin,  and  the  quantity  of  meat  used. 

The  making  of  soups  is  peculiarly  a  chef's  work ;  it  is  not  possible 
to  give  a  formula  for  so  many  pounds  of  meat  and  vegetables,  set 
a  definite  time  for  cooking  each,  and  get  a  first-class  product.  The 
characteristic  flavoring  depends  upon  the  blending  and  the  condi- 
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ments  used,  which  is  a  matter  of  training  and  judgment.  For  meat 
soups  the  best  packers  follow  the  practice  of  holding  the  cans  in  stock 
for  some  weeks  in  order  that  they  may  improve  on  standing.  A  good 
soup  requires  much  work  in  its  proper  preparation,  much  more  than 
is  given  in  the  canning  of  fruits  or  vegetables.  Many  soups  are  made 
according  to  formula,  and  while  of  good  material,  are  not  distinctive. 
A  list  of  soups  includes  the  following:  Beef,  bouillon,  celer\\  ox- 
tail, mock  turtle,  Veal,  chicken,  chicken  gumbo,  consomme,  green 
turtle,  clam  broth,  clam  chowder,  mutton  broth,  tomato,  tomato-okra, 
vegetable,  pea,  asparagus,  mulligatawny,  vermicelli,  and  Julienne. 


ADDITIONAL  COPIES  of  thte  publication 
■Lx.  may  be  procured  from  the  Superintend- 
ent or  Documents,  Qovemment  rrintlng 
Oflice,  Washington,  D.  C,  at  10  cents  per  copy 
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LETTER  OF  TRANSMITTAL 


n.  S.  Department  of  Agriculture, 

Bureau  of  Chemistrt, 
Washington^  D.  67.,  February  5, 19ie. 
Sir:  I  have  the  honor  to  submit  for  your  approval  the  Proceedings 
of  the  Twenty-eighth  Annual  Convention  of  the  Association  of 
OfBlcial  Agricultural  Chemists.     Owing  to  the  steadily  increasing 
volume  of  the  work  covered  by  these  investigations  and  the  impor- 
tance of  the  detailed  studies  of  the  methods  of  analysis,  which  now 
are  generally  recognized  as  official  in  inspection  work,  only  the  re- 
ports and  correlated  papers,  together  with  the  specific  action  on  the 
part  of  the  association  affecting  the  conduct  of  the  work,  are  pre- 
sented, all  discussion  being  omitted.     I  recommend  that  this  report 
be  published  as  Bulletin  No.  152  of  the  Bureau  of  Chemistry. 
Respectfully, 

H.  W.  Wiley, 

OfUef  of  Bureau. 
Hon.  jAiiES  WnjBON, 

Secretary  of  Agriculture. 
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PROCEEDINGS  OF  TWENTY-EIGHTH  ANNUAL  CONVENTION  OF 
ASSOCIATION  OF  OFFICIAL  AGRICULTURAL  CHEMISTS. 


KIRSX  DAY. 

MONDAY— MORNING  SESSION. 

The  twenty-eighth  annual  convention  of  the  Association  of  Offi- 
cial Agricultural  Chemists  was  called  to  order  by  the  president,  Mr. 
F.  W.  Woll,  of  Madison,  Wis.,  on  the  morning  of  November  20,  at  th0 
Raleigh  Hotel,  Washington,  D.  C.  The  following  members  and  visi- 
tors, 225  in  number,  registered :  « 

MEMBERS  AND  VISITORS  PRESENT. 

Adams,  A.  C,  Ck>Uege  Park,  Md. 

Asbury,  S.  B.,  Agricultural  Bxperlment  Station,  Ck>Uege  Station,  Tez. 

« 
Bacon,  Charles  B.,  Bureau  of  Chemistry,  Washington,  D.  C. 
Bailey,  H.  S.,  Bureau  of  Chemistry,  Washington,  D.  C. 
BaUey,  L.  H.,  Bureau  of  Chemistry,  Washington,  D.  C. 
Baker,  E.  L.,  Agricultural  Experiment  Station,  Geneya,  N.  Y. 
Barber,  K.  G.,  Bureau  of  Chemistry,  Washington,  D.  C. 
Bartlett,  J.  H.,  Agricultural  Experiment  Station,  Orono,  Me. 
Bates,  Carleton,  Bureau  of  Chemistry,  Washington,  D.  C. 
Beatty,  Cornelius,  Maryland  Agricultural  College,  College  Park,  Md. 
Bender,  W.  A.,  Food  and  Drug  Inspection  Laboratory,  New  York,  N.  Y. 
Bidwell,  G.  L.,  Bureau  of  Chemistry,  Washington,  D.  C. 
Bigelow,  W.  D.,  Bureau  of  Chemistry,  Washington,  D.  C. 
Bitting,  A.  W.,  820  State  Street,  West  Side,  LaFayette,  Ind. 
Boughton,  B.  W.,  Bureau  of  Chemistry,  Washington,  D.  C. 
Bower,  J.  H.,  Bureau  of  Chemistry,  Washington,  D.  C. 
Boyle,  Martin,  Bureau  of  Chenistry,  Washington,  D.  C 
Brackett,  B.  N.,  Clemson  College,  S.  C. 
Brannon,  W.  A.,  Bureau  of  Chemistry,  Washington,  D.  C. 
Breazeale,  J.  F.,  Bureau  of  Chemistry,  Washington,  D.  C. 
Breckoirldge,  J.  B.,  American  Agricultural  Chemical  Co.,  Carteret,  N.  J. 
BroomeU,  A.  W.,  Bureau  of  Chemistry,  Washington,  D.  C. 
Broughton,  L.  B.,  Maryland  Agricultural  College,  OoUege  Park,  Md. 
Brown,  B.  E.,  Bureau  of  SoUs,  Washington,  D.  C. 
Bryan,  A.  H.,  Bureau  of  Chemistry,  Washington,  D.  C 
Buchblnder,  H.  B.,  Bureau  of  Chemistry,  Washington,  D.  C. 
Burnet,  W.  C,  Food  and  Drug  Inq;>ectlon  Laboratory,  Savannah,  Ga. 
Burnett,  L.  B.,  Bureau  of  Chemistry,  Washington,  D.  C. 
Bye,  Mortimer^  Wm.  S.  Merxell  Ohemtcal  Ca»  CixmlnDati,  Ohio. 
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Cameron,  Frank  Y.,  Bnrean  of  Soils,  Washington;  D.  O. 

Campbell,  A.  V.,  Rothamsted  Experiment  Station,  Rothamsted,  England. 

Carpenter,  F.  B.,  Virginia-Carolina  Chemical  Co.,  Richmond,  Va. 

Cathcart,  Charles  S.,  Agricultural  Experiment  Station,  New  Brunswick,  N.  J. 

Chace,  E.  M.,  Bureau  of  Chemistry,  Washington,  D.  C. 

Chapln,  R.  M.,  Bureau  of  Animal  Industry,  Washington,  D.  C 

Chesnut,  V.  K.,  Bureau  of  Chemistry,  Washington,  D.  O. 

Child,  Ernest,  Elmer  &  Amend,  205  Third  Ayenue,  New  York»  N.  Y. 

Church,  C.  G.,  Bureau  of  Chemistry,  Washington,  D.  C. 

Collins,  W.  D.,  Bureau  of  Chemistry,  Washington,  D.  d 

Cook,  F.  C,  Bureau  of  Chemistry,  Washington,  D.  C. 

Corrlck,  W.  J.,  Bureau  of  Chemistry,  Washington,  D.  C 

Crampton,  C.  A.,  Institute  of  Industrial  Research,  Washington,  D.  C. 

Cross,  W.  E.,  Sugar  Experiment  Station,  Audobon  Park,  New  Orleans,  La. 

Custls,  H.  H.,  Bureau  of  Animal  Industry,  Washington,  D.  C. 

Davles,  Hamilton,  Leeds,  England. 

Davis,  R.  O.  E.,  Bureau  of  Soils,  Washington,  D.  C. 

Dawson,  E.  M.,  Jr.,  Bureau  of  Chemistry,  Washington,  D.  0, 

Dixon,  F.  E.,  Heekln  Spice  Co.,  C^clnnatl,  Ohio. 

Dodge,  C.  O.,  Bureau  of  Chemistry,  Washington,  d!  O. 

DooUttle,  R.  E.,  Bureau  of  Chemistry,  Washington,  D.  O. 

Doyle,  Alda  M.,  Bureau  of  Chemistry,  Washington,  D.  C 

Dubois,  W.  L.,  Food  and  Drug  Inspection  Laboratory,  Buffalo,  N.  T. 

Dunbar,  P.  B.,  Bureau  of  Chemistry,  Washington,  D.  C. 

Dunlap,  F.  L.,  Bureau  of  Chemistry,  Washington,  D.  0. 

Durgln,  A.  O.,  Agricultural  Experiment  Statlon,*Orono,  Me. 

Dyer,  D.  C,  Bureau  of  Chemistry,  Washington,  D.  a 

Emery,  W.  O.,  Bureau  of  Chemistry,  Washlngt(»i,  D.  C 

Feldsteln,  Leonard,  Bureau  of  Chemistry,  Washington,  D.  O. 
Fetzer,  L.  W.,  OfQce  of  Experiment  Stations,  Washington,  D.  O. 
Frear,  William,  Agricultural  Experiment  Station,  State  College,  Pa. 
Fuller,  F.  D.,  Purdue  Experlm^t  Station,  La  Fayette,  Ind. 
Fuller,  H.  C,  Institute  of  Industrial  Research,  Washington,  D.  C 
Fulmer,  H.  L.,  Ontario  Agricultural  College,  Guelph,  Ontario,  Canada. 
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RBPORT  OH  PHOSPHORIC  ACm. 

By  H.  D.  Haskins,  Referee,  and  A.  J.  Patten,  Assodaie  Referee, 
ReVhsw  or  Wobk  Done  on  Basic  Slao. 

The  work  of  the  referee  has  consisted  of  a  study  of  the  Wagner  method  and 
its  various  modifications  to  determine  if  the  method  was  applicable  to  the 
analysis  of  basic  slags,  particularly  with  reference  to  the  determination  of 
available  phosphoric  acid.  This  work  seemed  to  be  in  line  with  the  recom- 
mendations of  committee  A  for  the  year  1909,  "  That  the  Wagner  method  for 
the  estimation  of  the  availability  of  phosphoric  acid  in  slags  be  brought  up 
for  provisional  adoption  at  the  next  meeting."  No  report  on  phosphoric  acid 
was  made  for  the  season  1910  and  action  by  the  association  as  to  the  adoption 
of  this  method  was  deferred  another  year. 

As  considerable  work  on  basic  slag  has  been  done  from  time  to  time  by  mem- 
bers of  the  association,  it  may  not  be  out  of  place  here  to  give  a  brief  abstract 
of  such  work  eztoiding  over  a  period  of  15  years.  In  the  proceedings  for 
1896  H.  A.  Huston  presented  a  paper  on  the  action  of  ammonium  citrate  and 
citric  acid  on  basic  slag.  It  consisted  of  a  study  of  the  influence  of  time  on 
digestion,  influence  of  temperature,  influence  of  acid  and  alkali,  influence  of 
quantity  of  slag  used.  A  comparison  was  also  made  of  the  Wagner  method 
(acidulated  citrate  of  ammonia)  with  the  official  method.  A  paper  was  also 
presented  by  H.  W.  Wiley  on  the  mechanical  analysis  of  basic  sllig. 

In  1897  a  comparison  was  made  by  H.  B.  McDonnell  of  the  availability  of 
phosphoric  acid  in  basic  slag  by  Wagner's  method,  ammonium  citrate,  and  a  1 
per  cent  citric  acid  solution.  In  the  Proceedings  for  that  year,  upon  recom- 
mendation of  the  committee,  a  description  of  the  Wagner  method  was  pub- 
lished (see  pp.  72  and  78). 

In  1898  H.  J.  Wheeler  reported  that  at  a  meeting  of  representatives  of  (Ger- 
man experiment  stations  which  he  had  attended  it  was  proposed  by  Wagner 
that  a  2  per  cent  citric  acid  solution  be  adopted  in  place  of  the  acid  citrate 
solution  previously  employed,  the  conditions  of  treatment  remaining  the  same. 
Wagner's  suggestion  was  strongly  supported  by  Maercker,  of  Halle,  and  others. 
The  reason  for  the  proposed  change  was  the  fbct  that  it  was  difficult  to  secure 
comparative  results,  even  on  the  same  samples,  in  the  various  Qerman  labora- 
tories. 

At  the  association  meeting  in  1900  Mr.  Macfarlane,  of  Ganada,  brouf^t  out 
the  fact  that  much  slag  was  being  sold  in  both  Oinada  and  the  United  States, 
and  emphasised  the  fact  that  the  association  had  no  adequate  method  of  deter- 
mining the  available  phosphoric  acid  in  this  material.  He  gave  some  analytical 
data  and  urged  the  adoption  of  some  method.  This  was  favored  by  Myers  and 
some  others  but  met  with  opposition.  It  was  at  this  meeting  that  the  sugges- 
tion was  made  concerning  the  commercial  valuation  of  slags  by  mechanical 
analysis  and  total  phosphoric  acid. 

In  1901  H.  K.  Miller  Included  a  sample  of  basic  slag  in  the  samples  sent  out 
for  cooperative  work,  with  instructions  to  analyse  by  a  1  per  cent  citric  acid 
solution.  No  recommendations  were  made,  however,  concerning  the  analysis 
of  slags. 

In  1902  G.  H.  Jones  as  referee  studied  slags  by  the  official  method,  the  1  per 
e&at  citric  acid  solution,  2  per  cent  citric  acid  solution,  ammonium  citrate  solu- 
tion diluted  with  an  equal  volume  of  water,  and  the  Macfarlane  method.  The 
latter  provided  for  the  removal  of  the  free  lime  in  the  slag  by  boiling  with  a 


Digitized  by 


Google 


11 

6  per  cent  ammonium  chlorid  solution  and  treating  the  reeldue  with  100  cc 
of  a  1  per  cent  citric  acid  solution,  shaking  every  five  minutes  for  one-half 
hour  and  determining  the  phosphoric  acid  In  the  washed  residue.  No  recom- 
mendations were  made,  but  it  was  suggested  that  work  on  basic  slags  be  dis- 
continued on  account  of  the  limited  use  of  slags  in  this  country. 

In  1908  Hilgard  took  exception  to  the  statement  made  in  the  Proceedings  of 
the  iHrevlous  year  "that  very  limited  quantities  of  slag  were  used  in  this 
country  "  and  stated  that  over  1,500  tons  of  it  were  used  in  Oallfomia  alone  the 
previous  year.  He  urged  that,  as  the  dag  was  guaranteed  by  the  Wagner 
method,  some  suitable  method  should  be  provided  for  its  analysis.  A  reso- 
lution was  therefore  adopted  that  the  referee  on  phosiAorlc  acid  be  instructed 
to  reconsider  the  question  of  the  valuation  of  basic  slag,  especially  the  recom- 
moidation  to  establish  a  standard  based  on  the  total  ];Aoq[>horic  add  and 
degree  of  fineness. 

No  work  was  done  in  1904,  but  the  following  year  Mr.  Williams  as  referee 
planned  work  on  three  samples  of  slag  by  four  separate  methods :  The  ammo- 
nium chlorid  citric  acid  method,  the  cane  sugar  citric  acid  method,  the  citric  acid 
method,  and  the  neutral  citrate  of  ammonia  method.  The  reconmiendatlons 
were  that  the  referee  next  year  plan  field  and  pot  experiments  with  culti- 
vated plants  to  study  the  relative  value  of  phoq>horic  acid  in  foreign  and 
domestic  slags,  redonda,  and  precipitated  phosphates;  also  that  further  study 
be  made  on  determining  the  total  and  ayailable  phosphoric  acid  in  basic  slags. 

In  1906  no  work  was  done  on  slags.  George  D.  Leavens  urged  the  adoption 
of  some  suitable  method  of  determining  available  phosphoric  acid  in  slags.  It 
was  reconmioided  by  committee  A  that  the  next  referee  of  i^osphoric  acid 
take  up  methods  applicable  under  American  conditions  for  the  examination 
of  basic  slags. 

In  1907  Kilgore  recommended  that  the  fineness  of  the  material  be  deter- 
mined according  to  the  plan  followed  with  bone  meal,  and  the  commercial 
value  estimated  on  the  basis  of  total  phosphoric  add  and  fineness  of  product. 
This  recommendation,  which  was  approved  by  committee  A,  was  adopted  pro- 
visionally, pending  further  work.  The  following  reconmiendatlon  was  also 
made  by  committee  A  and  was  adopted,  namely,  that  the  referee  further  study 
the  subject  of  basic  slag  with  a  vIqw  to  devising  some  method  for  the  deter- 
mination of  the  available  phosphoric  acid  which  it  contains. 

In  1906  H.  D.  Haskins,  in  a  paper  on  the  mechanical  analysis  of  slags, 
showed  the  importance  of  Bpecitying  the  sieve  mesh  to  be  used  in  mechanical 
analysis  of  slags  and  also  showed  the  Inconsistency  of  the  mechanical  method 
of  valuing,  provided  the  slag  veas  adulterated  with  floats  or  other  finely  ground 
mineral  phosphate. 

In  1900  no  work  was  done^  but  conmiittee  A  recommended: 

First  That  a  spedal  committee  be  appointed  to  confer  with  the  various  ex- 
periment stations  to  secure  cooperation  in  cultural  experiments  to  determine  the 
available  i^osphorlc  acid  in  basic  slag;  also  to  make  an  annual  report  to  the 
assodation  and  at  the  end  of  five  years  to  make  appropriate  recommendations 
concerning  laboratory  methods. 

Second.  That  the  Wagner  method  be  brought  up  for  provisional  adoption  at 
the  next  meeting. 

No  work  was  done  and  no  recommendations  were  made  at  our  last  meeting. 

Acting  upon  the  recommexidation  contained  in  the  last  referees  report  on 
phosi^oric  add,  which  was  sustained  by  committee  A,  the  plan  of  your  referee 
has  been  to  make  a  vystematic  study  of  the  Wagner  method  with  its  various 
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modifications  and  In  this  work  to  enlist  the  cooperation  of  as  many  analysts 
as  possible.  In  response  to  the  circular  letter  sent  out  by  the  secretary,  10 
different  chemists  volunteered  to  cooperate  In  the  work.  Eleven  other  men 
promised  cooperation,  In  response  to  personal  letters  sent  out  by  the  referee. 
Two  samples  were  prepared  and  sent  with  the  Instructions  during  the  month 
of  March.  No.  1  was  a  basic  slag  phosphate  Imported  from  Germany.  No.  2 
was  composed  of  equal  weights  of  basic  slag  phosphate  and  ground  Florida 
rock  phosphate,  the  two  being  Intimately  mixed.  The  Instructions  for  the  work 
were  as  follows: 

Instructions  fob  Ck)OPEEA.TivB  Work  of  1911  on  Available  Phosphobio  Aom 
IN  Basic  Slao  Phosphate. 

Deab  Sib  :  There  are  being  sent  to  you  by  express  two  samples  marked  1  and 
2.    Please  have  them  analyzed  as  per  methods  outlined  below. 

1.  Determine  moisture  at  100*  C. 

2.  Determine  total  phosphoric  acid  on  each,  according  to  official  method,  using 
the  Or  method  of  making  solution.  (See  BuL  No.  107,  Revised,  Bureau  of 
Chemistry.) 

3.  Determine  total  phosphoric  acid  by  adding  to  50  cc  of  the  filtrate  50  cc  of 
citrate  of  ammonia  mixture.  (See  solution  5.)  If  the  solution  is  still  acid, 
make  neutral  with  ammonium  hydroxld  and  add  25  cc  of  magnesia  mixture. 
(See  solution  4.)  Stir  30  minutes,  allow  to  stand  two  hours,  filter  through  a 
platinum  Qooch  crucible,  wash  six  times  with  2  per  cent  ammonium  hydroxld, 
and  proceed  as  usual. 

4.  Determine  available  phosphoric  acid  by  2  per  cent  citric  acid  (Wagner's 
method),  as  follows: 

(A)  Making  the  ciirio  solution. — ^Weigh  5  grams  of  the  basic  slag,  transfer 
to  a  one-half  liter  flask  containing  5  cc  of  05  per  cent  alcohol,  and  make  up  to 
the  mark  with  dilute  citric  acid  solution  (2  per  cent)  of  a  temperature  of 
17.5''  C.  Fit  the  fiask  with  a  rubber  stopper,  and  put  at  once  into  the  rotary 
apparatus  for  30  minutes,  making  30  to  40  revolutions  per  minute.  Take  off 
and  filter  Inmiedlately. 

(B)  Analysis  of  the  citric  solution, — ^As  soon  as  the  filtration  is  completed, 
analyze  the  solution  at  once  according  to  the  three  following  methods : 

(a)  Molyhdate  method. — ^Take  50  cc  of  the  clear  filtrate  and  add  to  It  100  cc 
of  molybdate  solution.  (See  solution  3.)  Put  the  beaker  into  a  water  bath 
until  the  temperature  reaches  05*  C;  take  out  and  allow  to  cool  at  ordi- 
nary temperature.  Then  filter,  and  wash  the  yellow  precipitate  of  phosi^o- 
molybdate  of  ammonia  with  1  per  cent  nitric  acid.  Now  dissolve  In  100  cc  of 
2  per  cent  ammonium  hydroxld  (cold)  and  add  to  the  solution  15  cc  of  mag- 
nesia mixture  (see  solution  4),  drop  by  drop  during  continuous  stirring; 
then  cover  the  beaker  with  a  glass  cover  and  allow  to  stand  for  about  2  hours. 
Then  filter  the  double  phosphate  of  ammonia  and  magnesia  through  a  tared 
platinum  Gk>och  crucible,  wash  6  times  with  2  per  cent  ammonium  hydrate, 
dry,  and  proceed  as  customary  for  phosphoric  acid  determination. 

{h)  Citrate  of  ammonia-fnaifnesia  mixture  method. — ^Put  100  cc  of  the  clear 
filtrate  Into  a  200  cc  fiask  and  add  50  cc  of  citrate  magnesia  mixture.  (See 
solution  6.)  Heat  the  fiask  slightly  (about  15  minutes)  by  means  of  a  Buns^i 
burner  until  the  silicic  acid  has  been  precipitated.  Shake  the  flask  in  order  to 
conglomerate  the  precipitate,  and  continue  heating  to  boiling  point  Allow  to 
cool,  add  25  cc  of  hydrochloric  acid  of  1.124  speciflc  gravity,  and  allow  it  to 
stand  for  about  thirty  minutes,  during  which  time  shake  occasionally.  Fill  up 
to  the  mark  with  water,  flt  the  flask  with  a  rubber  stopper,  and  shake  vigorously 
several  times  till  the  precipitate  of  silicic  add  has  been  divided  into  very  fine 
particles.  Then  filter  and  add  to  100  cc  of  the  filtrate  (0.5  gram  basic  slag) 
60  cc  of  ammonium  hydroxld  (10  per  cent)  while  stirring  the  contents  of  the 
beaker.  Continue  stirring,  preferably  by  means  of  a  stirring  apparatus,  for 
thirty  minutes,  filter  the  precipitate,  and  treat  as  usual 

(c)  Iron  citrate  of  ammonia-magnesia  mixture  method. — To  60  cc  of  the 
clear  filtrate  add  at  once  60  cc  of  iron  citrate  of  ammonia-magnesia  mixture. 
(See  solution  7.)     Cool  rapidly  to  room  temperature,  stir  for  thirty  mln- 
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Qtes  In  a  stirring  apparatas,  allow  to  stand  for  two  hours,  filter  tliroai^  tared 
platinum  Gooch  crucible,  wash  six  times  with  2  per  cent  ammonium  hydroxid, 
and  treat  as  usual. 

FBXPABATIOZr   OF    SOLtJTIORS. 

1.  Concentrated  solution  of  citric  acid  (10  per  cent), — ^Dissolve  in  water 
exactly  200  grams  of  chemically  pure  crystallized  citric  acid  having  its  full 
percentage  of  water  of  crystallization.  Make  up  this  solution  exactly  to  2  liters. 
(Where  a  large  number  of  analyses  are  to  be  made,  0.5  gram  of  salicylic  acid 
should  be  added  to  the  liter  of  this  solution  so  as  to  preserve  it) 

2.  Dilute  solution  of  citric  acid  {2  per  cent), — Mix  exactly  1  volume  of  con- 
centrated solution  of  citric  acid  (solution  No.  1)  with  four  volumes  of  water. 
The  resulting  solution  should  have  a  temperature  of  about  17.5*  G.  when  used. 

3.  Molyhdate  solution. — ^Put  125  grams  of  molybdic  acid  into  a  1-liter  flask 
with  about  100  cc  of  water  and  dissolve  by  adding,  while  shaking,  about  SOO  cc 
of  8  per  cent  ammonium  hydroxid.  Mix  this  solution  with  400  grams  of  nitrate 
of  ammonia,  flU  up  to  the  mark  with  water,  and  add  the  whole  to  1  liter  of 
nitric  acid  of  1.19  specific  gravity.  Allow  to  stand  for  24  hours  at  a  tempera- 
ture of  SS*"  G.  and  then  filter. 

4.  Magnesia  mixture. — ^Dissolve  110  grams  of  pure  crystallized  muriate  of 
magnesia  and  140  grams  of  muriate  of  ammonia  in  1^00  cc  of  water,  and  mix 
this  solution  with  700  cc  of  liquor  of  ammonia  containing  8  per  cent  of  am- 
monium hydroxid.  Allow  this  mixture  to  stand  for  several  days  and  thmi 
filter. 

5.  Citrate  of  ammonia.— Dissolve  100  grams  citric  acid  in  350  cc  of  24  per 
cent  ammonium  hydroxid  and  make  to  volume  of  1  liter. 

6.  Citrate  of  ammonia-magnesia  mixture. — Place  200  grams  of  citric  add  and 
40  grams  of  muriate  of  ammonia  in  a  1-liter  fiask,  and  add  200  cc  of  water,  and 
then  500  cc  of  liquor  of  ammonia  (20  per  cent).  Keep  the  fiask  stoppered  until 
the  contents  are  dissolved  and  cooled  down.  Then  add  55  grams  of  muriate 
of  magnesia,  and  fill  up  to  the  mark  with  water. 

7.  Iron  citrate  of  ammonia-magnesia  mixture, — ^To  1,000  cc  of  citrate  of  am- 
monia-magnesia mixture  add  10  cc  of  the  20  per  cent  ferrous  chlorid  solution. 

8.  Ferrous  chlorid  solution, — ^Dissolve  20  grams  of  ferrous  chlorid  in  100  cc 
of  distilled  water. 

FXJBTHEB  INFORMATION  AND  PRECAUTIONS  TO  BE  TAKEN. 

1.  A  photograph  and  detailed  drawings  of  an  inexpensive  but  efficient  shaking 
apparatus  accompanies  the  instructions  for  phosphoric  acid  work  (see  fig.  1). 
This  apparatus  has  been  in  use  for  a  number  of  years  in  the  laboratory  of  the 
Massachusetts  agricultural  experiment  station ;  it  can  be  easily  made  by  your 
local  carpenter,  and  should  not  cost  over  ^  or  $9;  it  also  answers  every  pur- 
pose and  obviates  the  necessity  of  purchasing  an  expensive  apparatus  listed  in 
various  catalogues  at  from  $27  to  $35. 

2.  It  will  sometimes  be  seen,  when  pouring  the  5(X)  cc  of  the  citric-acid  solu- 
tion onto  the  5  grams  of  basic  slag,  that  the  latter  clogs  somewhat,  and  becomes 
permeated  only  after  a  considerable  time.  In  order  to  guard  against  this,  5  cc 
of  alcohol  are  poured  into  the  half -liter  flask  before  the  basic  slag  is  put  in; 
this  insures  immediate  and  complete  permeation. 

3.  The  rotary  apparatus  prescribed  for  shaking  the  flasks  must  not  be  sub- 
stituted by  ordinary  shaking  or  rocker  apparatus,  as  the  latter  differs  in 
construction  and  effect 

4.  The  half-liter  flasks  (after  the  design  of  Wagner)  must  have  a  neck  width 
of  at  least  20  mm  and  are  marked  at  least  8  cm  below  the  mouth.  These  two 
points  are  important;  for  If  the  neck  width  is  too  narrow  and  the  mark  too 
high,  the  result  will  be  too  low,  owing  to  the  movement  of  the  liquid  being  so 
limited. 

5.  The  rotary  apparatus  must  turn  round  its  axle  30  to  40  times  per  minute. 
Variation  within  these  limits  has  no  marked  influence  on  the  results. 

8.  The  flltration  must  be  done  immediately  after  30  minutes*  rotation,  and 
it  is  recommended  to  use  a  folded  fllter  paper  of  such  size  that  the  whole  quan- 
ti^  of  liquid  can  be  poured  onto  the  fllter  at  once.  Small  and  bad  filtering 
papers  give  rise  to  error,  in  consequence  of  too  slow  filtration.    If  at  first  the 
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filtrate  is  not  clear,  it  must  be  again  filtered  (throagh  the  same  filter)  until  It 
becomee  clear. 

7.  After  filtering  the  citric  solution  of  the  basic  slag,  the  precipitation  of  the 
phosphoric  acid  should  be  carried  along  without  delay,  as  long  standing  in- 
creases the  tendency  of  the  silica  to  precipitate  during  the  operation. 

8.  If  the  beaker  containing  the  mixture  of  phosphatic  and  molybdic  solutions 
is  put  into  the  water  bath  until  the  temperature  reaches  between  60**  and  TO**  0., 
a  precipitate  free  from  silicic  acid  results.  If  heating  is  continued  for  a  con- 
siderably longer  time,  the  precipitate  will  often  be  mixed  with  silicic  acidk, 
eq>ecial^  when  the  molybdic  solution  is  not  added  to  the  filtrate  immediately, 
but  only  after  6  to  12  hours  (or  longer)  after  filtration.  If  silicic  acid  is 
present,  the  precipitate  dissolves  slowly  in  ammonium  hydroxid,  but  at  first  not 
clearly.  Special  attention  must  be  paid  to  the  point  that  the  yellow  precipitate 
is  dissolved  quickly  and  quite  clearly  by  ammonium  hydroxid  (2  per  cent) 
not  made  warm.  If  the  solution  becomes  clear  only  after  some  time,  molybdic 
solution  and  nitric  acid  must  be  added  to  same  in  order  to  get  a  pure  precipitate 
of  phospho-molybdate  of  ammonia;  in  other  words,  the  phoq)horic  acid  must 
be  reprecipitated  by  the  molybdic  solution. 

Please  return  results  to  the  referee  as  early  as  possible.  The  samples  have 
been  sent  out  early  so  that  the  work  may  be  taken  up  before  the  rush  of  the 
fertiliser  inspection  begins  in  the  various  States.  It  is  to  be  hoped  that  results 
may  reach  the  referee  by  the  first  of  August  at  the  latest  An  earlier  report 
than  this  will  be  appreciated. 

Very  truly  yours,  H.  D.  Haskins, 

Referee  on  Phosphoric  Acid. 

Tabulated  Bssults  or  CJollabobative  Wobk. 

Table  1. — Comparative  work  on  basic  slag, 

comparativb  results. 


Moist- 
ure. 


Total  phosphoric  acid. 


Sample  1 .    Sample  2. 


Available  phosphoric  add. 


Sample  1. 


Sample  2. 


A.  J.  Patten,  Michigan 

Wm.  C.  MarU,  Michigan 

C.  van  Comeu,  Soath  Carolina 

A.  W.Clark,  New  York 

E.  Q.  Proulx,  Indiana , 

P.  I/.  MbCreary  and  P.  L.  Hlbbaid, 

CaJJtomia 

L.  8.  Walker,  Massschoaetts 

B.  8.  Erb,  Pennsylvania 

W.  L.  Whitchoase,  Pennsylvania 

L.  T.  Bowser,  Ohio 
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15.80 


8.55 


8.68 
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1  Not  indnded  in  averase.  • 

>  Pkeotpltate  of  magnealnm  pyrophosphate  allowed  to  stand  ovenilffat,  No.  2  not  indoded  fai  avwace. 
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Table  1. — Comparative  toark  on  l>aHc  ^to^h-Continued. 

ADDITIONAL  DATA  XJSINa  MODIFIED  METHODS. 


Modlflad  mcthodi  uaed  in  bailo  slag  analysis. 


Sample 
No. 


OaUfomia 
Experi- 
ment 
Station. 


W.L. 

Whitehotue, 

Coe-Morti- 

merCo. 


L.T. 
Bowsefp 


Total  pluMphorio  add: 

OiBcial  or,  yolmnetrio  method 

Official  grayimetrio  metbod  after  separation  of  slUoa 
by  dehydration 

Official  ▼olumetrio  method  after  sepanution  of  silica 

by  ddiydration 

Available  phosphorio  add: 

Molybdste  method,  except  ammonia  solatkm  was 
neutralised  with  nydrochloilo  add  before  adding 
magnesia  mixture.  Strong  ammonium  hydroxla 
added  after  16  mlnotes 

Molybdate  method,  except  that  yellow  predpitate 
was  titrated  as  per  volumetric  method 

Yellow  predpitate  was  obtained  by  official  volume- 
tric method  and  determhiatlons  made  volumetri- 
caUy 

Wagner  gravimetric  method,  except  that  molybdic 
solotion  and  magnesia  mixture  were  made  accord- 
ing to  the  offldal  methods 

Ftocedure  as  under  "3"  for  total  phosphoric  sdd, 
i.e.,  without  sepsration  of  silica 


{ 


17.98 
34.87 
17.85 
24.66 
17.80 
24.66 


15.16 
8.80 

15.00 
8.60 

16.00 
8.66 


14.06 
8.87 


16.06 
8.68 


Ck)MMBNT8  BY  ANALYSTS. 

B.  Q.  Proulx,  La  Fayette,  Ind.:  In  the  estimation  of  total  and  available  phos- 
phoric acid  several  solutions  were  made  up  and  determinations  were  made 
from  the  same  solution,  using  different  methods. 

In  the  case  of  sample  No.  2  the  results  obtained  by  the  citrate  of  ammonia 
mixture  method  for  total  phosphoric  acid  agree  well  with  those  obtained  by 
the  official  method,  but  the  former  apparently  is  not  applicable  with  No.  1, 
as  the  final  precipitate  was  contaminated  with  iron.  The  magnesia  ammonium 
phosphate  also  precipitates  slowly,  requiring  constant  stirring  for  at  least 
20  minutes. 

The  molybdic  method  for  the  determination  of  available  phosphoric  acid 
gave  concordant  results.  One  objection  to  this  method,  however,  lies  in  the 
use  of  100  cc  of  2  per  cent  ammonium  hydroxld  in  dissolving  the  ammonium 
phosphomolybdate,  as  there  is  some  danger  of  magnesia  precipitating  in  a  solu- 
tion containing  this  quantity  of  ammonia. 

The  results  obtained  by  the  molybdate  method  and  the  citrate  of  ammonia 
magnesia  method  agree  very  well,  although  in  using  the  latter  method  it 
required  constant  stirring  for  one  hour  to  bring  down  the  magnesia-ammonium 
phosphate. 

The  results  obtained  with  the  iron-citrate  of  ammonia-magnesia  mixture 
method  were  of  uncertain  value.  With  sample  No.  1  the  final  precipitate  was 
contaminated  with  iron,  which  accounts  for  the  high  percentage  of  available 
phosphoric  acid.  Using  this  method  it  was  necessary  to  employ  ashless  filter 
paper  in  order  to  filter  off  the  magnesia-ammonium  phosphate,  as  the  solution 
would  not  pass  through  a  platinum  Gooch  crucible.  In  order  to  obtain  a 
pure  precipitate  of  magnesia-ammonium  phosphate  the  phosphoric  acid  In  four 
separate  aliquots  from  different  solutions  was  precipitated  and  the  double 
phosphate  of  maghesia  and  ammonium  purified  by  dissolving  in  dilute  hydro- 
chloric acid  and  again  precipitating  by  the  addition  of  ammonium  hydroxld 
and  a  few  drops  of  magnesia  mixture.  This  procedure  resulted  in  final  pre- 
cipitates free  from  iron,  and  the  results  obtained  agreed  well  with  those  secured 
by  the  molybdate  method.  In  one  other  instance  the  magnesia-ammonium 
phosphate  was  purified  by  dissolving  in  dilute  hydrochloric  add,  neutralizing  with 
ammonia,  then  acidifying  with  nitric  acid,  and  completing  the  work  according 
to  the  official  method.  This  gave  a  white  precipitate  with  result  concordant 
with  those  obtained  by  the  molybdate  method.  The  molybdate  and  the  citrate 
of  ammonium-magnesia  mixture  methods  are  easy  of  manipulation  and  ap- 
parently gave  correct  results,  while,  on  the  other  hand,  the  iron-dtrate  of 
ammonia-magnesia  mixture  method  gave  results  of  uncertain  value  and  the 
method  must  be  modified  in  order  to  be  of  value  in  the  determination  of 
available  phosphoric  acid  in  basic  slag  phoi^hates. 
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p.  lu  MoOreary  and  P.  L.  Eihhard,  California:  In  the  opinion  of  the  analysts, 
Messrs.  P.  L.  McCreary  and  P.  L.  Hibbard,  who  did  all  of  the  work  reported 
on,  the  Tolumetric  method  is  much  more  satisfactory  on  basic  slag  than  is  the 
gravimetric  method,  particularly .  where  there  are  quantities  of  soluble  silica 
present  This  is  indicated  in  connection  with  subdivision  2,  determination  of 
total  phosphoric  acid.  On  comparison  of  the  results  under  this  subdivision  you 
will  note  the  close  agreement  between  the  volumetric  determinations  and  the 
gravimetric  determination  made  after  dehydration  and  separation  of  silica, 
and  also  the  difference  between  the  results  so  obtained  by  the  gravimetric 
method  without  the  separation  of  silica.  With  regard  to  subdivision  3,  deter- 
mination of  total  phosphoric  acid  by  the  citrate  of  ammonia-magnesia  mixture 
method,  you  will  note  the  very  wide  discrepancy  in  the  case  of  sample  No.  1 
between  the  figures  obtained  by  this  method  tod  those  obtained  by  method  No. 
2  in  all  its  modifications.  It  would  seem  that  this  last  method  is  totally  inap- 
plicable in  the  presence  of  large  quantities  of  soluble  silica.  In  our  opinion 
the  directions  should  be  modified  somewhat ;  the  ammonia  should  be  neutralized 
before  the  addition  of  the  magnesium  mixture. 

W.  L,  Whiiehouae,  Coe-Mortimer  Co,:  In  addition  to  the  other  work,  I  have 
made  determinations  by  the  Wagner  method,  modifying  same  by  using  the 
official  molybdate  and  magnesia  solutions  in  place  of  those  prescribed  by 
Wagner. 

My  motive  in  making  the  latter  determinations  was  to  ascertain  whether  or 
not  these  ofllclal  solutions  could  be  substituted  for  the  Wagner  solutions 
without  seriously  affecting  the  method.  If  this  substitution  did  not  seriously 
affect  the  method  there  would  be  eliminated  the  necessity  of  carrying  the  two 
solutions  In  stock.  The  results  of  this  substitution  you  will  note  are  highly 
gratifying. 

L.  T.  Bowser f  Dayton,  Ohio:  My  results  on  No.  2  by  the  official  method  were 
not  entirely  satisfactory,  but  I  could  spare  no  more  time  to  repeat  the  determi- 
nation. Methods  2  and  3  check  very  well,  it  appears.  With  the  available  phos- 
phoric acid  the  making  of  the  solution  went  very  satisfactorily,  and  I  found  no 
especial  difficulty.  Of  the  different  methods  for  availability  the  molybdate 
went  by  far  the  most  smoothly,  was  very  satisfactory  in  fact.  Method  B  gave 
rather  high  results  on  No.  2,  but  about  the  same  on  No.  1.  Method  O  (iron 
citrate  of  ammonia-magnesia  method)  I  was  not  very  well  impressed  with  dur- 
ing the  course  of  the  analysis,  and  the  results  do  not  check  with  the  others. 
The  last  set  (as  under  3  for  total  phosphoric  acid,  without  separation  of  silica) 
was  not  Included  in  your  list,  but  I  ran  them  that  way  for  curiosity.  The 
results  check  pretty  well  with  the  others,  however,  and  I  thbik  it  Is  much 
better  than  Method  0. 

Discussion  of  Results. 

Besults  were  received  from  11  diff^ent  analysts.  In  the  determination  of 
the  total  phosi^orlc  acid  the  results  of  the  various  analysts,  with  few  excep- 
tions, agree  fairly  well.  The  average  results  obtained  on  total  phosphoric  acid 
In  the  basic  slag  by  the  special  method  (citrate  of  ammonia-magnesia  method) 
are  somewhat  lower  than  when  the  official  method  was  used.  The  special 
method  gives  results  agreeing  more  closely  with  results  secured  after  dehydra- 
tion of  the  solution  and  separation  of  the  silica;  also  with  the  volumetric 
method,  which  is  not  infiuenced  by  the  presence  of  soluble  silica.  The  two 
methods  give  results  which  agree  fairly  well  with  each  other.  The  referee  is 
of  the  opinion  that  for  total  phosphoric  acid  in  slags  the  volumetric  method 
should  be  used,  and  there  seems  to  be  no  necessity  for  the  recommendation  of 
the  adoption  of  the  citrate  of  ammonia-magnesia  method. 

In  the  work  on  available  phosphoric  acid  in  both  the  slag  and  the  mixture  of 
slag  and  ground  rock  phosphate  the  results  secured  by  the  various  analysts  on 
the  molybdate  method  and  on  the  citrate  of  ammonia-magnesia  mixture  method 
were,  as  a  whole,  quite  concordant  The  two  exceptions  noted  were  due  to 
the  fact  that  the  analyst  allowed  the  magnesia  precipitates  to  stand  overnight 
b^ore  filtering  instead  of  filtering  at  the  end  of  two  hours  as  called  for  by  the 
method.  The  iron-citrate  of  ammonia-magnesia  mixture  method  npplied  to 
tiie  slag  In  some  cases  gave  considerably  higher  results  than  the  other  (wq 
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methoda  This  is  probably  due  to  iron  componndB  being  carried  down  with  the 
magnesia  phosphate  precipitate.  Some  difficulty  was  experienced  by  various 
analysts  In  getting  a  complete  precipitation  of  the  phosphoric  acid  by  this 
method.  Long  continual  stirring  was  necessary  before  a  proper  precipitation 
was  effected.  It  is  probable  that  the  difficulty  experienced  was  in  a  measure 
due  to  lack  of  familiarity  with  the  new  method. 

It  is  worthy  of  note  that  the  molybdate  method  modified  by  the  use  of  the 
official  yolumetric  method  gave  excellent  results  in  the  det^mination  of  avail- 
able phosphoric  acid  in  basic  slags  (see  supplementary  results  by  the  California 
Experiment  Station  in  the  table).  The  referee  did  not  have  an  opportunity, 
however,  to  test  this  method. 

Concordant  results  have  beep  secured  by  the  so-called  molybdate  method  in 
the  laboratory  of  the  Massachusetts  Experiment  Station,  also  in  the  Coe- 
Mortimer  laboratory  by  Mr.  Whitehouse,  by  using  the  ordinary  molybdate 
solution  and  magnesia  mixture  which  are  mentioned  in  our  official  methods. 

The  results  of  the  work  on  the  available  phoq[)horic  acid  contained  in  sample 
No.  2  show  conclusively  that  the  Wagner  method  is  perfectly  reliable  in  detect- 
ing the  adulteration  of  slags  by  finely  ground  mineral  phosphates. 

In  addition  to  the  chemical  work  which  has  been  done  on  basic  slags  during 
the  season,  the  referee  has  made  a  compilation  of  results  of  field  experiments 
with  different  phosphates  carried  on  for  the  past  14  years  at  the  Massachusetts 
Agricultural  Experiment  Station.  These  tabulated  results  are  offered  as  a 
part  of  the  referee's  report  at  this  time. 

FnXO   EXPXBIHSNTS    MADS   AT   THE   MASSACHUSETTS    STATION    TO    COMPABE   THE 

BFFioncNOT  or  Diffebent  Phosphates. 

DETAILED  DATA. 

In  1896  the  field  was  a  tough  blue-grass  sod  and  had  not  been  plowed  for 
many  years.  In  April  it  received  600  pounds  bone  and  200  pounds  muriate  of 
potash  per  acre.  After  harvesting  the  grass  the  field  was  plowed  June  24  and 
25  and  planted  to  Longfellow  com.  In  1897,  May  8,  the  field  was  measured  off 
into  13  plots  consisting  of  one-eighth  acre  each.  After  the  preparation  of  the 
soil  the  following  fertilizer  schedule  was  applied  to  each  plot : 

Fertilizer  schedule. 


Ingredients. 


Per  plot.  Per  acre. 


Potash-magnwto  solphate. 

Nitrate  of  soda 

Sulphate  of  ammonia 


PottlMft. 

SO 


^ 


Poundt, 
400 
248 
100 


In  addition  to  the  above  the  various  plots  were  fertilised  as  follows: 
Special  fertUigation  of  various  plots. 


Plot. 

Fertiliser. 

Per  plot 

Per  acre. 

Plot. 

Pertfllier. 

Per  plot 

Per  acre. 

F^Ttifilf...        , 

Poundt. 

46 
11 
87 
11 
48 

^oundt. 

04 

04 
256 

04 
876 

04 
864 

04 
538 

04 
888 

7 
8 

0 

10 

11 
12 

18 

Hoof  meal 

PMmA. 

J 

lA 

Potmdtm 
04 

do 
iMmdvedbme  black'.! 
Hoof  meal 

04 

do 

880 

Apatite 

8 

Hoof  meal 

8.  C.  rook  phoepbate.. 

Hoof  meal 

Florldaaoft  phosphate. 

Raw  bone  meal 

Hoof  meal...      ..  .  .. 

860 
01 

Dissolved  bone  meal. . . 
Hoof  meal.....  X 

78 
08 

u 

88? 

Bifffc  st  AC  • 

^sss^ 

ISA 

NavuMphoipibatell! ! 

04 

, 
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The  field  was  planted  to  com  and  harvested  per  acre  as  foUows : 
Com  harvested  from  plots. 


Plot 

Fertniier. 

Cora 
per  acre. 

Stover 
per  acre. 

Plot 

Fertniier. 

Cora 
per  acre. 

Stover 
per  acre. 

No  phoffphntfr . 

BtuMt. 
68.6 
66.6 
64.6 
73.6 
68 

67.83 
64.33 

Poundt, 
4,640 
3,800 
4,380 
41960 
4,960 
4.880 
4,336 

8 
9 
10 
11 
13 
13 

DIasolycd  bone  black.. 

Rawbonemeal 

Dissolved  bone  meal.. . 

Steamed  bone  meal 

Acfd  phosphate 

No  phosphate 

BuakeU, 
61.83 
67.83 
63.33 
60.33 
63.83 
67.88 

PomiA. 
4,884 
4.660 

Apatite.'. 

S.  C.  rook  phosphate. . . 
Florida  softphosphate. 

FhosphaUoslac 

NaTanaDhMphate.... 
Nophomate 

4^400 
3600 
4,330 
4,730 

In  1898  the  same  amount  of  fertilizer  was  applied  as  for  the  previoas  year 
and  the  field  was  planted  with  Fottler's  Brunswick  cabbage. 

Cabbage  harvested  from  plots. 


Pk>t 


FertlUser. 


Cabbage 
per  acre. 


Plot 


Fertniier. 


Cabba«s 
per  acre. 


No  phosphate 

Apatite 

8.  C.  rook  phosphate... 
Florida  son  phosphate. 

Phosphatio  sUtf 

Navassa  phosphate. . . . 
No  phosphate 


Pornndt, 
71,803 
60,068 
48,840 
46,130 
47,400 
45,060 
63,440 


Dissolved  bone  black 

Raw  bone  meal 

Dissolved  bone  meal. 
Steamed  bone  meal.. 

Acid  phosphate 

No  phosphate 


43,930 
48,496 
43,160 
86,836 
43,440 
86,440 


In  1899  the  fertiliser  scheme  was  as  in  previous  years  with  the  exception 
that  50  pounds  of  high-grade  sulphate  of  potash  was  used  per  plot  instead  of 
50  pounds  of  potash-magnesia  sulphate.  The  crop  planted  was  Pride  of  the 
North  com. 

Yield  per  acre  of  com  and  stover^  1899. 


Plot 

Fertniser. 

Shelled 
oora. 

Stover. 

Plot 

Fertiliser. 

SheUed 
ooni. 

Stover. 

Novhosphate 

BuAOt. 
86.6 
83.0 
80.1 
83.1 
81.6 
80.8 
81.1 
87.9 

Poundt. 
6,360 
6,630 
6,380 
6,600 
6,730 
6,640 
6,440 
6,600 

9 
10 
11 
13 
13 

Rawbonemeal 

Dissolved  bone  meal. . . 
Steamed  bone  meal. . . . 

Add  phosphate 

NojAosimate 

BuOtOt. 
83.6 
81.1 
69.6 
68.6 
67.3 

77.8 

Poundt. 
6,930 

Ap^e!^^!:::::::::: 

4,160 

S.^rockiAosphate.. 
Florida  soft  phosiAate. 
Phosphatic  8la« 

DtoolveS%ooebliMdEl'. 

4,000 

4,730 
6,300 

6,388.8 

In  1900  the  fertilizer  scheme  was  as  in  previous  year.  Two  crops  were 
grown,  Clydesdale  oats  and  Hungarian  grass.  The  two  crc^  harvested  per 
acre  as  follows : 

Yield  per  acre  of  oats  and  grass,  1900. 


Pk>t 

FWtfliier. 

Oat  hay. 

Honga- 
rianhay. 

Plot 

FertUlser. 

Oat  hay. 

Hunga- 
rian hay. 

No  phosphate 

Powtdt, 

MS 
6,880 

6,800 

6,660 

6,780 

6^640 

6,130 

Poundt. 
8,800 
4,000 
4,000 
41300 
8,840 
8,960 
8,960 

8 
9 
10 
11 
13 
13 

Dissolved  bone  black.. 

Rawbonemeal 

Dissolved  bone  meal., 
steamed  bone  meal. . . 

Acldj^Aosphate 

Nophosphata 

Average,  1, 7.  and  18.. 
• 

Poundt. 

6,800 

6,380 

6,760 

6,860 

4,M6.« 

Poundt. 
8,680 

Ap^^"!^!:. ::;:!: 

8^800 

8. Crock  phosphate.. 

Pbosphatioslaff 

Nophosph^'. 

8:480 
8,440 

£880 
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In  1901  tertUixem  were  applied,  and  amonnts  recalcolated  eta  basis  of  analysis 
to  supply  equal  amounts  of  pliosph<^ic  add  and  nitrogen  per  plot  The  nitrate 
of  soda  and  the  potash  for  this  year  were  applied  so  as  to  famish  50  per  cent 
more  actual  nitrogen  and  potash. 

Fertilizer  scJ^edule,  1901. 


Ingredients. 


Salpiiateorpotish  (high  giade) 
Nftnteofsoda 


In  addition  to  this  the  various  plots  were  fertilized  as  follows: 
Special  fertUization  of  various  ploia,  1901. 


Plot 

FertUlier. 

Per  plot 

Per  acre. 

Plot 

Fertiliser. 

Per  plot 

Per  acre. 

Hoof  meal 

Poundt, 
12.75 
12.76 
82 

12.76 
47 

45.60 
12.75 
12.75 
07.25 
12.75 
87 
12.76 

Pomndt. 
102 
102 
250 
102 
870 
804 
103 
103 
688 
103 
390 
103 

8 
9 
10 
11 
13 
18 

DSwlTedboDeblMk!! 
Hoof  meal 

PottlMft. 

13.75 
07.35 

3 
6a  60 

1 
64 

L25 
47.50 
13.75 
47.60 
13.76 

Poumd*. 
103 

do 

533 

Apatite 

16 

H!oof  meal 

Raw  bone. 

404 

8.  C.  roclE  phosphate . . 
Florida  toft  phosphate 
Hoof  meal.. :....: 

HoofmeaL 

DIasolTed  bone  meal. . 

Hoof  meal 

Steamed  bone  meal .. . 
Hoof  meal 

8 

433 

0 

.do 

880 

PhosphaUoslag 

Hoof^meal 

Hoof  meal 

103 

Aeid  phon>hate 

HoofmealT. 

880 
103 

Crop  of  Danvers  Yettoto  Olobe  onions  harvested,  .1901. 


Plot 

FBrtOiier. 

OnJoos. 

SoaUkms. 

Plot. 

FertUiier. 

Onions. 

Soallions. 

NoDhMiAiatea.  . 

ButkOt 

per  ten, 

^   378.5 

228.8 

386.4 

i6ao 

25L8 
205.7 
14L4 

Pomtde 
pa  acre. 
1.280 
1,840 
1,800 
%280 
1,100 
1730 
3,000 

8 
0 
10 
11 
13 
18 

Diswhredbcnablack.. 

Rawbooe. 

Dissolved  bone  meal. . 
Steamed  bone  meal. . . 

AoidphospbAte 

No  D&osDhate 

Bnekds 
per  acre. 
309.5 
3S3.8 
318.3 
187.8 
187.8 
128.4 

Pomndt 
peroere, 
000 

Apffite?;^!. :::!.;: 

040 

8.  C.  rook  phosphate. . 

000 

500 

020 

1,800 

In  1902  the  fertilizer  scheme  was  the  same  as  in  the  previous  year  except 
that  22  pounds  of  niter  lime  were  added  to  each  plot  in  July  (176  pounds  per 
acre).    The  crop  grown  was  Danvers  Yellow  Olobe  onion& 

Yield  per  acre  of  Danvers  Yellow  Globe  ofyions,  1902, 


Pk>t 

1 

Fertiliser. 

Soond 
onioos. 

Soallions. 

Plot 

Fertiliser. 

Soond 

ftnkwii|_ 

ScaDions. 

No  phoffphat4» 

BuekeU. 
106.7 
10L7 
12L8 
62.8 
262 
440 
6a6 

PottfMlt. 

8,500 

8 
0 
10 
11 
12 
18 

Dissolved  bone  black.. 

Raw  bone. 

Dissolved  bone  meal. . 
Steamed  bone  meal .. . 

Acid  phosphate 

NoDhosDhate 

Buekde. 
173.8 
801.4 
888.9 
348.8 
160.4 
30.3 

Pounde 
6,040 
4,144 
6,400 
5,840 
0.600 
0,000 

Apatite 

Florida  soft  phosphate 

Phosphatioslag 

Tani£iseei£on>hate. . 

NoSSoSuKTf!™;; 
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In  1908  the  fertilixer  scb^ne  was  tlie  Bame  as  In  1901 ;  tlie  crop  grows  was 
Danish  Ballhead  cabbage. 

Yield  per  acre  of  DanUh  BaUhead  cabbage,  1901. 


Plot 

FarUUier. 

Haid 
heads. 

1^ 

Plot. 

BBrtfilMT. 

Hard 
beads. 

sfeS"' 

Nophospbate 

Povndf. 
4,040 
8,560 
13,040 
8,840 
9,930 
1,730 
400 

PmMit, 
9,360 
17,360 
34,480 
31,840 
28,040 
29,160 
14,130 

8 
9 
10 
11 
12 
13 

DIasoWed  bone  black.. 

Raw  bone 

Dissolved  bone  meal.. 
Steamed  bona  meal.... 

Addphosphate 

No  nnoffohate. 

PMAdf. 
8,888 
11,800 

Povmdt. 
81,620 
82  440 
99  820 
38^300 

8»Q80 

Apatite 

8.  C.  iDckphospliAte. . 
Florida  soft  phoqpliAte 
Phosphatio  Sdae. . . . . . 

No  phospliatB 

In  1904  the  fertilizer  scheme  was  the  same  as  in  the  previous  year  except 
that  the  whole  field  had  an  application  of  4,675  pounds  of  agricnltaral  lima 
The  crop  planted  was  Learning  field  com,  which  harvested  as  follows: 

Yield  per  acre  of  Learning  field  com,  1904. 


Plot 


FertlUxer. 


Plot 


Nophospbate 

Apatite. 

S.  C.  rock  pbospbate... 
Florida  soft  pbospbate. 

Pbospbatio  slae 

Tenfisne^pbospbate 
No   *""    •--^- 


POttll^ 

per  acre. 
41,000 
40,730 
40,406 
38,340 
36,440 
82,120 
32,344 


DIssolTsd  bone  black, 

Raw  bone 

Dissolved  bone  meal, 
steamed  bone  meal... 

Add  phon>bate 

NopDospbate 


Poim^ 
per  acre, 
80,080 
45,800 
41,840 
28,400 
29,040 
90,240 


In  1005  the  fertilizer  scheme  was  the  same  as  in  the  previous  year.  The  crop 
grown  was  grass,  timothy,  red  top,  alslke  clover,  common  red  clover,  mammoth 
red  clover.  The  crop  was  harvested  August  21  and  was  mostly  weeds;  not 
weighed. 

In  1906  the  fertilizer  applied  was  the  same  as  in  the  previous  year  except 
that  plot  2  received  no  apatite.  A  crop  of  hay  and  rowen  was  harvested  with 
the  following  results : 

Yield  per  acre  of  hay  and  rowen,  1906. 


Plot 

FerUUier. 

Hay. 

Rowen. 

Plot 

Fertiliser. 

Hay. 

RowaiL 

1 

2 

8 
4 

i 

0 

No  pbospbate 

Apatite    (none    tbis 

year) 

8.  C.  rock  pbospbate. . 
Florida  soft  pbospbate 
Pbospbatio  slae 

PmMit. 
6,600 

7,690 
7440 
7,600 
7,600 
7,120 

PmMit. 
1,800 

1,730 
1,616 
1604 
1,600 
1634 

7 
8 
9 
10 
11 
12 
18 

Nophospbate 

Dissolved  bona  black.. 

Raw  bone. 

Dissolved  bone  meal. . 
Steamed  bone  meal. . . 

Addpbosphate 

No  pbospbate 

Ptmndt, 
7,000 
6,960 
7,120 
7,620 
7,120 
7,080 
6,660 

Pimnii. 
1,600 

In  1907  the  fertilizer  was  applied  as  in  previous  year  except  that  plot  2 
received  its  usual  quantity  of  apatite,  which  was  omitted  during  the  prevlouis 
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year.    Mixed  grasses  and  cIoyot  constituted  the  crop,  wtiich  harvested  as  fol- 
lows: 

Yield  per  acre  of  hay  and  rotcen,  1901, 


Plot 


Fertfllser. 


Hay. 

Rowen. 

Plot 

Powids, 

Pounis, 

8,400 

400 

8 

8,800 

504 

0 

8,480 

406 

10 

8,480 

400 

11 

8,360 

416 

12 

8,040 

328 

13 

8,160 

240 

Fertfllnr. 


Hay.       Rowen. 


No  phosphate 

Apatite 

B.  C.  rock  phosphate . . 
Florida  soft  phosphate 

Phosphatic  slag 

Teoneeaee  phosphate . . 
No  ithosphate 


DissolTed  bone  black 

Raw  bone 

Dissolved  bone  meal. 
Steamed  bone  meal. . 

Acidnh&sphate , 

No  phosphate 


Poiiiidf. 

Pounds. 

0,200 

488 

0,240 

504 

0,160 

504 

8,320 

560 

8,040 

600 

7,240 

360 

In  1908  the  fertilizer  schedule  was  the  same  as  in  the  previous  year  except 
that  plot  2  received  47  pounds  of  Arkansas  rock  phosphate  in  place  of  32 
pounds  of  apatite,  as  in  the  previous  schedule.  Cabbage  was  grown  and  har- 
vested as  follows: 

Yield  of  cahhdffe,  1908. 


Plot. 


Fertiliser. 


No  phosphate 

Arkansas  rock  phosphate 

8.  C.  rock  phosphate 

Florida  soft  phosphate. . . 

Phosphatio  slag 

Tennessee  phosphate 

No  phosphate 


Cabbage. 


Pounds, 
8,800 
4,480 
11,440 
10,720 
10,120 
5,600 
2,060 


Plot 


FertOiwr. 


Dissolved  bone  black 

Raw  bone 

Dissolved  bone  meal. 
Steamed  bone  meal. . 

Add  phosphate 

No  phosphate 


Cabbage. 


Pounds. 
20,080 
20,240 
12,320 
11,440 
8,280 
1,840 


In  1009  the  fertilizer  schedule  was  the  same  as  in  the  previous  year;  the 
crop  grown  was  medium  early  yellow  soy  bean. 

Yield  per  acre  of  yellow  aoy  beam,  1909. 


Plot. 

Fertiliaer. 

Beans. 

straw. 

Plot. 

Fertilixer. 

Beans. 

Straw. 

1 

2 

No  phosphate 

Arkansas  rock  phos- 
phate  

Pounds, 
1,706 

1,744 
1816 
1,836 
1840 
1,812 

Pounds, 
8,220 

8,176 
8384 
8,124 
8,264 
2,620 

7 
8 
0 
10 
11 
12 
13 

No  phosphate 

Dissolved  bone  black.. 

Raw  bone 

Dissolved  bone  meal.. 
Steamed  bone  meal.... 

Acid  phosphate 

No  phosphate 

Pounds. 
1,712 
1,672 
1,856 
1,006 
1,064 
1,004 
1,406 

Pounds. 
2,272 
2,068 
8,088 
2882 
2,676 
2,553 
1,784 

8 

4 
5 
6 

8.  C.  rock  phosphate. . 
Florida  soft  phosphate 

Phosphatic  slag 

Tennessee  phosphate. . 

In  1910  the  fertilizer  schedule  was  the  same  as  in  the  previous  year;  the  crop 
grown  was  potatoes,  which  harvested  as  follows: 

Yield  of  potatoes,  1910. 


Plot. 

Fertiliser. 

Mer-      1 
chanteble 
potatoes. 

Plot. 

Fertiliier. 

Ifer- 

diantabto 
potatoes. 

% 

No  phosphate ...., 

Bushels  ' 
per  acre. 
286.4 
280.3 
264.8 
234.8 
245.5 
236.4 
244.1 

8 
0 
10 
11 
12 
13 

Dissolved  bone  black 

BusfteZt 
peroere. 
247  9 

Arkansas  rock  phosphate 

8.C.rockpho^hate 

Raw  bone  meal 

258.8 

Dissolved  bone  meal 

264.3 

Flwida  soft  phosphate 

Steamed  bone  meal 

961.0 

Phosphatic  slagx  x. .      ........ 

Add  phosphate 

257.2 

Tennessee  phosphate 

No  D^osDlsate 

214.7 
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Stjmmabt. 
Using  the  average  of  plots  7  and  13  (no-phosphate  plots)  as  the  basis  of 
comparison,  and  designating  the  average  yield  on  these  plots  as  100,  the  fol- 
lowing table  No.  1  will  show  the  comparative  efficiency  of  acid  phosphate,  basic 
slag  phoG^hate,  and  dissolved  bone  blacli:  as  sources  of  available  phosphoric 
acid  for  the  crops  mentioned. 

Summary  No.  1. — Comparative  efficiency  of  phosphates  and  Ifone  black  hosed  on 
"  no-phosphate  **  plot  as  100, 


Y«ur. 


Crop. 


No 
phos- 
phate. 


Add 
phos- 
phate. 


Buio 

phos- 
phate. 


Dissolved 


1S07. 
1806. 

1899. 

1900. 
1901. 

1908. 

1903. 
1904. 
1905. 

1906. 

1907. 
1906. 
1900. 
1910. 


/Com.... 
\8toyer... 
Cabhege. 


/Com 

iStover 

lOatHav 

iHiinganan  hay 

/Onions 

IScalllons 

/Onions 

iScallions 

Cabbage 

Ensilage  com 

Mixed  grasses  largely  weeds . 

iHay 

iRowen 

[Hay 

tRowen 

Cabbage 

fSoy  beans 

[Bean  straw 

Potatoes 


100 
100 
100 
100 
100 
100 
100 
100 
100 
100 
100 
100 
100 


06 
06 
86 
93 

80 
123 

08 
142 

48 
415 
110 
363 
110 


04 
110 

96 
110 
106 
140 

98 
190 

61 
666 

94 
880 
180 


94 

97 

87 

118 

106 

160 

94 

168 

83 

463 

94 

846 

114 


100 
100 
100 
100 
100 
100 
100 
100 


104 
122 
104 
300 
422 
119 
125 
112 


113 
84 
109 
139 
976 
116 
161 
107 


106 

lis 

119 
168 
1,024 
104 
146 
106 


Average  for  14  years. 


100 


167 


210 


213 


Using  the  average  yield  with  acid  phosphate  and  dissolved  bone  black  as  a 
standard,  and  designating  the  same  as  100,  the  following  table  will  show  more 
graphicaUy  the  value  of  the  basic  slag  phosphate  as  compared  with  the  two 
dissolved  phosphates  as  a  source  of  available  phosphoric  acid.  i 

SUMMABT  No.  2. — EffUHency  of  basic  phosphate  as  compared  with  the  average 
of  acid  phosphate  and  hone  black. 


Year. 


Crop. 


Ayerageof 
acid  phos- 
phate and 
dissolved 
bone  black 


Basloslag 
phosphate. 


1897. 
1896. 
1899. 

1900. 

1901. 

1902. 

1908. 
1904. 
1906. 

1906. 

1907. 
1908. 
1900. 
1910. 


/Com 

\8tover , 

Cabbage 

Com , 

Btover , 

Oat  hay , 

Hungarian  hay 

Onions 

Scallions 

Onions 

^ScalUons 

Cabbage , 

Ensilage  com. 

Mixed  grasses,  largely  weeds.. 

Bay 

Rowen 


100 
100 
100 
100 
100 
100 
100 
100 
100 
100 
100 
100 
100 


90 
116 
111 
105 
111 
100 
102 
127 
163 
161 

92 
106 
124 


/Ha 
IRo 

\Rowen.*J!!! 

Cabbage 

/Soybeans.. 
\Bean  straw. 

Potatoes 


Average  for  14  years. 


100 
100 
100 
100 
100 
100 
100 
100 

loo 


ft6 
70 
96 
77 
136 
108 
119 
97 

"ui 
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Oonsidered  individually  some  of  the  field  experiments  hSLve  not  been  Tory 
poBltiye  in  showing  the  efficiency  of  the  phosphoric  acid  which  the  Tarions 
phosphates  fnrnlslL  The  no-phosphate  plots  in  some  instances  have  famished 
as  good  and  even  better  yields  than  many  of  the  phosphate  plota  Especially  is 
Uils  tme  in  the  case  of  plot  No.  1,  which  was  used  as  a  ftirm  garden  for  some 
years  prior  to  its  selection  as  part  of  the  field  for  the  phosphate  exp^ments. 
The  longer  the  fields  are  used  for  the  experiments  the  better  are  the  conditions 
for  obtaining  comparative  results,  and  during  the  more  recent  years  the  yields 
have  been  more  significant  in  indicating  the  efficiency  of  the  phosphoric  acid 
from  various  sonrce& 

Particular  attrition  is  called  to  the  summaries.  It  will  be  noted  that  for 
only  3  years  out  of  the  14  has  the  efficiency  of  basic  slag  been  lees  than  the 
acid  phosphate,  and  in  the  average  for  14  years  with  nine  different  crops  it  has 
proved  superior  as  a  source  of  available  phosphoric  acid  to  both  acid  phosphate 
and  dissolved  bone  black.  It  seems  to  the  referee  that  these  field  experiments, 
conducted  in  a  careful,  scientific  way  and  covering  a  period  of  14  years,  furnish 
reliable  evidence  of  the  high  availability  of  the  phosphoric  acid  in  basic  slag 
I^osphate  and  emphasize  the  importance  of  the  adoption  of  some  chemical  method 
which  will  give  full  credit  to  the  phosphoric  acid  contained  in  this  material. 
The  field  experiments  will  undoubtedly  be  continued,  and  I  hope  will  serve  in 
the  final  report  of  the  special  committee  and  in  their  reconmiendations  as  to 
the  final  adoption  of  the  Wagner  method  as  official  by  the  association  during 
the  year  1014. 

Ck)zrcLnsiONa 

The  results  of  cooperative  chemical  work  show  the  Wagner  method  to  be 
reliable  for  the  detection  of  adulteration  of  basic  slagi  Long-continued  field 
experimoits,  as  well  as  the  Wagner  method  of  analysis,  show  the  uniform 
availability  of  the  phosphoric  acid  which  a  bona  fide  basic  slag  carries,  and 
taken  together  the  analytical  results  strongly  emphasize  the  importance  of  the 
provisional  adoption  by  the  association  of  the  Wagner  method  of  analysis. 

It  is  therefore  recommended — 

(1)  That  the  following  method  of  analysis  be  adopted  provisionally  by  this 
association  pending  further  study  and  more  complete  data  In  regard  to  field 
and  pot  experiments. 

A.  Making  the  citric  solution, — ^Weigh  6  grams  of  the  basic  slag ;  transfer  to 
a  one-half-liter  Wagner  fiask  containing  5  cc  of  05  per  cent  alcohoL  The  fiaak 
should  have  a  neck  width  of  at  least  20  nmi  and  be  marked  at  least  8  cm  below 
the  mouth.  Make  up  to  the  mark  with  dilute  citric  acid  solution  (2  per  cent) 
of  a  temperature  of  17.5*  G.  Fit  the  fiask  with  a  rubber  stopper  and  put  at 
once  into  the  rotary  apparatus  for  30  minutes,  making  30  to  40  revolutions  per 
minute.    Take  off  and  filter  immediately. 

R.  Analysis  of  the  citric  solution, — ^As  soon  as  the  filtration  is  completed 
analyze  the  solution  at  once  according  to  the  so-called  molybdate  method,  which 
in  detail  is  as  follows :  To  50  cc  of  the  clear  filtrate  add  100  cc  of  molybdate 
solution  made  according  to  the  official  methods.  Keep  the  beaker  in  a  water 
bath  until  the  temperature  reaches  65"  O. ;  take  out  and  allow  to  cool  at  ordi- 
nary temperature.  Then  filter  and  wash  the  yellow  precipitate  of  pho^ho- 
molybdate  of  anmionia  four  or  five  times  with  1  per  cent  nitric  acid.  Dissolve 
in  300  cc  of  2  per  cent  ammonium  hydroxid  (cold),  nearly  neutralize  with 
l]^drochloric  acid,  and  add  to  the  solution  15  cc  of  magnesia  mixture  (made 
according  to  the  official  method)  drop  by  drop  during  continuous  stirring.  After 
15  minutes  add  from  10  to  12  cc  of  ammonium  hydroxid  solution  (specific 
gravity  0.90),  then  cover  the  beaker  with  a  glass  covar  and  allow  to  stand  for 
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about  two  houra.  Filter  the  doable  phoq;>hate  of  ammonia  and  magnesia 
throngjb  a  tared  platinnm  Gooch  crucible,  wash  six  times  with  2  per  coit 
ammonium  bydroxid,  dry,  and  proceed  as  is  customary  for  phoepboric  acid 
detwminatioh& 

(2)  That  further  work  be  done  with  the  citrate  of  ammonia-magnesia  mix- 
ture method  and  the  official  volumetric  method,  using  the  Wagner  method  of 
making  the  citric  solution  of  the  slag.  The  referee  believes  that  the  official 
volumetric  method  will  prove  a  very  satisfactory  one  for  the  analysis  of  the 
citric  solution;  sufficient  work,  however,  has  not  been  done  to  warrant  its 
adoption  at  this  time  even  as  a  provisional  method. 


BSUTRAL  AMMONIUM-CITRA'nS  SOLUTION. 
By  A.  J.  Pattbn  and  0.  S.  Bobinson. 

Since  the  proposal  of  the  ammonium-citrate  method  for  the  determination  of 
available  phosphoric  acid,  much  trouble  has  been  experienced  in  preparing  a 
strictly  neutral  solution  of  the  reagent  The  weakness  of  both  the  acid  and  the 
base  renders  the  end  point  quite  indistinct  with  ordinary  indicators,  and  much 
time  and  patience  are  required  on  the  part  of  the  operator  to  obtain  the  desired 
resulta  Several  modifications  of  the  simple  titration  method  have  been  pro- 
posed, but  each  has  objections  which  prohibit  its  common  acceptation  by  practi- 
cal chemists.  The  importance  which  the  method  has  assumed  in  agricultural 
work  demands,  however,  that  some  convenient  means  be  devised  for  preparing 
the  necessary  solution.  Such  a  method  has  recently  been  proposed  by  Hall  and 
Bell^  and  was  later  shown  by  Hall'  to  be  quite  suitable  for  ordinary  labora- 
tory use.  At  the  time  these  articles  appeared  the  authors  of  this  paper  were 
engaged  in  working  out  the  same  method,  and  the  results  are  here  offered,  not 
with  the  idea  of  claiming  any  credit  for  the  development  of  the  method,  but 
simply  as  corroborative  evidence  in  favor  of  its  general  acceptation. 

The  method  of  procedure  is  essentially  the  same  as  that  followed  by  Hall. 
A  solution  of  citric  acid  was  almost  neutralized,  care  being  taken  to  keep  the 
density  above  1.09.  Small  samples  of  this  solution  were  then  titrated  with  a 
dilute  solution  of  ammonium  hydroxid  (about  3  per  cent)  to  determine  the 
approximate  amount  required  to  neutralize  the  remaining  acid.  Definite  quan- 
tities of  the  citrate  solution  were  then  removed  with  a  pipette  and  transferred 
to  clean,  dry  flaska  To  these  portions  of  the  original  solution  varying  quan- 
tities of  the  dilute  ammonia  solution  were  added  in  such  a  way  that  several 
c<mtained  more  and  several  less  than  the  approximate  amount  required  for 
exact  neutralisation,  as  determined  by  the  titration  with  corallin.  These  solu- 
tions were  then  made  up  to  a  definite  volume  and  placed  in  a  thermostat,  the 
tonperature  of  which  was  held  constant,  and  allowed  to  come  to  the  tempera- 
ture of  the  bath,  after  which  their  resistances  were  measured  by  the  Wheatstone 
bridge  method.  Plotting  the  cubic  centimeters  of  ammonium  liydroxld  added 
against  the  bridge  readings  gave  a  curve  from  which  could  be  read  the  amount 

>jr.  Amer.  Chem.  Soc,  1911,  Stt  711.  'J.  Ind.  Bng.  Cbem.,  1911,  tt  669. 
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of  ammonia  reqnired  to  nentralize  the  acid  remaining  in  a  given  qoantity  of  the 
citrate  solution.    Only  one  of  several  titrations  by  this  method  is  h^re  shown : 

Titration  curve. 
[Tsinpefatare,88.3*C.:fe0.02.    Rastotanoe  in  box,  5  ohma.] 


Bridge 
reading. 

Ammo- 
nium 
hydroxid. 

Bridge 
reading. 

Ammo- 
nium 
hydAudd. 

No.1 

582.25 
585.25 
588.50 
59a  75 

eepertOO 
eo9oL 
0.0 
5.0 
10.0 
15.0 

No.5 

588.50 

585.75 
590.75 
500.75 

eepertOO 
eeeol. 
20.0 

No.2 

No.6 

25.0 

No.3 

Neutral  point  observed. . . 

15.0 

No.4 

15.0 

In  order  to  determine  the  personal  factor  in  maldng  up  the  solution  by  the 
other  methods  of  determining  the  neutral  point,  porticms  of  the  citric  acid 
solution  were  neutralized  by  the  corallin  and  the  purified  litmus  methods  by 
four  laboratory  assistants,  working  independently.  The  dilute  ammonia  solu- 
tion used  was  kept  in  a  burette  inclosed  in  opaque  paper  to  prev^it  the  reading 
being  taken  until  the  supposed  neutral  point  had  been  reached.  In  this  way 
each  operation  was  made  independent  of  the  others.  Great  care  was  taken  that 
no  loss  of  ammonia  occurred  during  the  process.  The  results  are  given  in  the 
following  table: 

Amount  of  dilute  ammonia  solution  used  per  100  cc  cUrio  acid  solution,  hy  four 

different  observers. 


Number. 

Amnu^ 

nium 

hydroxid. 

Number. 

Ammo- 

Corallin  used  as  indicator: 

P-I 

ee  per  too 
eeeol. 
12.30 
12.10 
16.20 
12.70 
12.00 
12.00 
14.90 
13.60 

15.00 
13.76 
16.00 
15.00 
17.50 
14.00 

CdraUin  used  as  indicator: 

M-I 

eepertOO 
eeeoL 
16wOO 

p-n 

M-n 

15.00 

p-m 

M-ni 

16,40 

p-IV 

M-IV 

16w00 

R-I 

I-I 

1190 

R-n 

i-n 

13.60 

R-m 

i-ni 

10.60 

R-IV 

i-rv 

15.90 

Purified  litmus  as  in  licaton 

P-I 

Purified  litmus  as  indicator: 

M-I 

14.00 

p-II 

M-n 

15.00 

P-m 

M-in 

12.50 

R-I 

I-I     

15.82 

R-n 

i-n 

15.82 

R-ni 

i-m 

15.00 

• 

The  conductivity  of  some  of  the  solutions  was  determined  and  the  readings 
found  to  fall  on  the  curve  at  the  points  to  be  expected  from  the  quantities  of 
alkali  used.  The  amounts  of  ammonium  hydroxid  vary  considerably,  and  in  only 
one  case,  using  corallin,  was  the  exact  neutral  solution  obtained,  while  with  the 
litmus  method  one-third  of  the  trials  gave  a  neutral  solution.  These  examples 
f&irly  illustrate  the  difficulty  of  making  an  exactly  neutral  reagent  by  the 
methods  most  commonly  in  use,  and  it  is  quite  possible  that^n  many  cases  the 
character  of  the  neutral  ammonium-citrate  solution  varies  more  than  in  the 
cases  cited,  and  that  considerable  error  may  be  introduced  in  this  way. 

To  ascertain  whether  or  not  these  differences  in  the  citrate  solution  would 
produce  marked  difference  in  the  results  of  analyses  made  with  them,  several 
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actual  determinations  were  made.  The  solutiona  naed  w^re  Br-II,  0,  M-IT, 
and  I-III.  (See  preceding  table.)  Solutions  were  carefully  diluted  to  a  specific 
gravity  of  1.09  and  the  determinationa  were  all  made  at  one  time  bo  that  there 
could  be  no  variation  due  to  temperature  of  bath.  DeterminationB  were  made 
on  two  samplea  of  fertilizer,  one  containing  a  small  percentage  of  insoluble 
phosphoric  acid  and  the  other  a  large  percentage.  The  results  are  given  in  the 
following  table: 

Determinations  made  to  test  effect  of  differences  in  the  oUrate  solution. 


SolutlOIL 

hydnadd. 

Per  o«Qt  ofphospfaoric 

Sample  1. 

Sample  2. 

E-n 

eeptriO 
eetoL 

7.5 
8.8 
0.8 

184 
9181 
188 
8.74 
8.64 
8.80 
4.28 
4.07 
4.21 
4.70 
4.77 
4.00 

8.86 
8.83 

8.80 
8.83 

laio 

0.06 

ia66 
ia86 

c 

M-IV 

i-ni 

REPORT  ON  NITROOBN. 

By  James  W.  Kellogg,  Referee. 

At  the  last  meeting  committee  A  recommended  that  the  referee  b^  requested 
to  study  laboratory  methods  for  the  determination  of  availability  of  organic 
nitrogen.  Seven  samples  were  prepared  and  sent  to  about  25  chemists  who 
had  signified  their  willingness  to  talse  part  in  the  cooperative  work.  Three 
methods  were  suggested  to  be  used,  one  being  the  pepsin  hydrochloric  acid 
solution  method,  and  the  other  two  the  provisional  methods  outlined  in  Bul- 
letin 107,  Revised,  namely,  the  alkaline  permanganate  method  and  the  neutral 
permanganate  method.  Some  time  after  the  samples  and  methods  had  been 
sent  out,  my  attention  was  called  to  the  fact  that  the  provisional  methods  had 
been  modified  and  a  large  amount  of  work  had  been  done  with  these  modified 
method&  This  information  was  received  too  late  to  be  sent  to  the  analysts 
taking  part,  or  to  change  the  experiments  already  begun  by  suggesting  the  use 
of  the  later  methods.  Only  a  few  analysts  reported  results  obtained  by  the 
methods  suggested  by  the  refetee,  and  several  called  attrition  to  recoit  modifi- 
cations of  the  same.  Owing  to  the  late  date  at  which  some  of  these  reports  were 
received,  and  because  the  methods  suggested  for  trial  are  not  now  being  used 
by  those  who  have  given  this  subject  more  recent  study,  it  did  not  appear  to 
be  advisable  to  report  the  same  to  the  association.  The  alkaline  permanga- 
nate method,  as  modified  by  Jones,  has  be^i  adopted  by  the  experiment  stations 
of  New  Tork,  New  Jersey,  and  the  New  England  States,  and  the  neutral  per- 
manganate method  as  modified  by  Street  is  being  used  by  some  southern 
analysts. 

Inasmuch  as  the  modified  methods  are  receiving  more  attention  than  the 
methods  suggested  for  the  year's  work*  further  consideration  of  the  few  results 
obtained  did  not  seem  advisable. 
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It  is  recommeDded,  therefore,  that  the  study  of  methods  for  the  determlnatioii 
of  ayailable  nitrogen  be  continued  and  that  the  alkaline  permanganate  and  the 
neutral  permanganate  methods  as  now  used  be  considered  as  ai^lied  to  erode 
stock  and  to  commercial  fertilisers. 

A  resolution  was  introduced  by  E.  L.  Baker  to  the  effect  that  the 
following  method  for  the  determination  of  nitrogen  in  commercial 
nitrates  be  referred  to  the  referee  for  1912  for  trial,  and  the  resolu- 
tion was  adopted : 

Determination  of  nitric  and  nitrouB  nitrogen  (Salle,  AmL  chim.  anal.,  1910, 
15:  103-106).— To  0.5  gram  of  the  nitrates  in  a  000-700  cc  flask  add  200  cc  of 
distilled  water,  5  grams  of  powdered  zinc,  from  1  to  2  grams  of  ferrous  sulphate, 
and  50  cc  of  a  86*  Baum6  soda  solution.  In  the  neck  of  the  flask  i^ace  some 
glass  wool  and  connect  with  the  distilling  apparatus.  Distil  off  the  ammonia 
and  collect  as  usual  in  dednormal  sulphuric  acid  and  titrate. 

REPORT  ON  POTASH. 

By  B.  L.  Baker,  Referee. 

The  potash  work  this  year  has  been  a  repetition  of  that  of  the  past  year, 
with  only  minor  changes  in  the  methods  In  order  to  test  thoroughly  the 
applicability  of  the  proposed  methods  to  different  materials,  three  samples 
were  used  representing  high-grade  salts,  kainits,  and  mixed  fertilizera  Sample 
No.  3  was  made  by  mixing  weighed  amounts  of  acid  phosphate  and  muriate 
and  contained,  theoretically,  4.85  par  cent  of  potash.  The  following  directions 
were  sent  to  cooperating  chemists : 

iNBTBUCnONB  FOB  POTASH   WOBK,  1911. 

Sample  No.  1,  commercial  muriate;  sample  No.  2,  kainit;  sample  No.  3,  acid 
phosphate  and  potash.  Thoroughly  mix  samples  before  use.  Potash  in  each 
sample  to  be  determined  by  the  of&clal  method  (Bui.  107,  Rev.,  Bureau  of 
Chemistry)  and  by  the  volumetric  and  gravimetric  cobalti-nitrlte  methods. 

VOLUMIBTBIO  MBTH<H>    (DSUSHEL'S  SLIGHTLY  MODIFIED).^ 

Sodium  nitrite  solutions. — ^Dissolve  220  grams  of  sodium  nitrite  in  water  and 
dilute  to  500  cc 

Cobalt  acetate  solution, — ^Dissolve  113  grams  of  cobalt  acetate  in  about  300  cc 
of  water,  add  100  cc  of  glacial  acetic  acid,  and  dilute  to  500  cc. 

Sodium  cohalti^nitrite  solution. — ^Mix  equal  parts  of  the  sodium  nitrite  and 
cobalt  acetate  solutions  a  few  hours  before  required  for  use.  A  yellow  precipi- 
tate forms  on  standing.    Filter  just  before  using. 

Standard  solutions. — ^Fifth-normal  potassium  permanganate  and  fifth-normal 
oxalic  acid;  solutions  of  fertilisers  to  be  made  up  according  to  the  ofllcial 
method. 

Sample  No.  i.— Run  10  cc  of  solution,  equal  to  one-flfth  of  a  gram,  from  a 
burette  into  a  porcelain  evaporating  dish ;  dilute  with  about  25  cc  of  water  and 
add  1  cc  of  glacial  acetic  acid ;  then  add  slowly,  so  that  the  precipitate  may  not 
be  too  finely  divided,  15  cc  of  sodium  cobalti-nitrlte  reagent;  evaporate  on  a 
steam  or  water  bath  to  a  thick  sirup,  which  becomes  Just  firm  on  cooling.  Oare 
should  be  taken  not  to  evaporate  to  dryness.  Stir  with  cold  water  until  excess 
of  cobalti-nitrlte  reagent  has  dissolved ;  allow  to  settle  and  decant  two  or  three 
times  through  a  small  funnel  containing  a  perforated  porcelain  disk  and  a  thick 
pad  of  ignited  asbestos.  Transfer  precipitate  to  filter  and  wash  thoroughly 
with  water. 

>  CboDL  N«wa,  1908,  97 :  124. 
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In  the  meantime  an  excess  of  fifth-normal  potassinm  pennanganate  (about 
65  cc)  is  measured  into  a  600  cc  Brlenmeyer  flask,  diluted  with  about  200  cc  of 
water  and  heated  on  a  hot  plate  nearly  to  boiling.  To  this  solution  transfer 
tlie  precipitate  and  asbestos;  mix  well  by  reyolTing  the  contents  of  the  flask 
and  maintain  at  nearly  a  boiling  temperature,  stirring  frequently.  In  a  few 
minutes  manganese  hydroxid  separates  out  and  the  solution  darkens;  continue 
heating  with  occasional  stirring  10  to  15  minutes  longer,  or  until  the  color  of  the 
permanganate  disappears  and  the  supernatant  liquid  becomes  clear ;  then  add  5  cc 
of  dilute  sulphuric  acid  (1  to  1),  stir,  and  allow  to  stand  about  5  minutes  in 
order  to  oxidize  the  last  traces  of  the  potash  precipitate;  add  an  excess  of 
fifth-normal  oxalic  acid  (15  cc) ;  keep  the  solution  hot  until  it  becomes  color- 
lees  and  the  manganese  hydroxid  precipitate  has  comidetely  dlssolyed,  then 
titrate  to  color  with  fifth-normal  potassium  permanganate. 

From  the  whole  amount  of  permanganate  employed,  subtract  the  perman- 
ganate equivalent  of  the  oxalic  acid  used  and  multiply  the  remainder  by  the 
factor  0.001712,  which  is  the  foctor  for  strictly  fifth-normal  potassium  per- 
manganate. 

GBATIlflETBIO  COBALTI-NrrBTrB  METHOD. 

Sample  No,  1. — ^Precipitate  precisely  as  above.  Filter  throu^  a  Ctooch  cru- 
cible, wash  thoroughly  with  cold  water  and  finally  four  or  five  times  with 
80  per  cent  alcohoL  Dry  one  hour,  or  until  constant  weight  is  obtained,  in  a 
steam  or  water  oven. 

Multiply  weight  by  the  foctor  0.2075.  Report  time  required  to  obtain  constant 
weight 

Sample  No,  2, — Measure  25  cc  of  solution,  equivalent  to  0.5  gram,  into  a 
porcelain  evaporating  dish,  add  1  cc  of  glacial  acetic  acid  and  10  cc  of  cobalti- 
nitrite  reagent,  and  determine  potash  by  the  volumetric  and  gravimetric  cobalti- 
nitrite  methods  as  in  sample  No.  1,  using  about  45  cc  of  fifth-normal  potassium 
permanganate  and  15- cc  of  fifth-normal  oxalic  acid. 

Sample  No.  S. — (a)  Measure  50  cc  of  solution  into  a  platinum  evaporating 
dish,  add  sulphuric  acid  (1:1)  and  ignite  as  in  the  oflicial  method.  Transfer 
to  a  porcelain  evaporating  dish  with  hot  water  and  concentrate  to  a  volume  of 
5  to  10  cc.  Add  1  cc  of  glacial  acetic  acid  and  10  cc  of  reagent  Proceed  as 
in  sample  No.  1,  using  about  90  cc  of  permanganate  and  15  cc  of  oxalic  acid. 
(Note.  In  making  up  the  solution  of  this  sample  care  should  be  taken  to  filter 
at  once  after  precipitating  with  ammonium  hydroxid  and  ammonium  oxalate 
and  cooling,  as  long  standing  of  the  solution  in  the  presence  of  the.  insoluble^ 
matter  seems  to  produce  higher  results) 

(b)  Determine  potash  also  by  the  gravimetric  cobalti-nitrite  method,  using 
50  cc  aliquot,  and  by  the  offlical  method. 

MODIFIED  OFFICIAL  METHOD. 

Sample  No,  S. — Weigh  2.6  grams  upon  a  12.6  cm  filter  paper  and  wash  with 
successive  small  portions  of  boiling  water  into  a  260  cc  graduated  fiask,  to  a 
volume  of  about  200  cc;  add  2  cc  of  concentrated  hydrochloric  acid,  heat  to 
boiling,  and  precipitate  with  ammonium  hydroxid  and  ammonium  oxalate ;  cool, 
dilute  to  250  cc,  filter,  take  a  50  cc  aliquot  equivalent  to  0.6  gram,  and  finish 
by  the  oflElcial  method. 

(Note. — Oorrections  should  be  made  and  reported  for  blanks  upon  all  deter- 
minationa) 


The  accuracy  of  the  volumetric  method  dep^ids  mainly  upon  two  things: 
The  method  of  precipitation  and  the  oxidation  of  the  potash  precipitate  during 
titration. 

To  obtain  complete  precipitation  a  liberal  excess  of  reagent  must  be  used 
and  strict  adherence  to  the  directions  for  evaporation  should  be  observed.  In 
the  case  of  mixed  fertilizers,  if  the  solution  is  too  dilute  when  the  reagent  is 
added,  a  very  finely  divided  precipitate  forms,  which  is  hard  to  handle.  With 
potash  salts  the  same  seems  to  be  true  if  the  solution  is  too  concentrated. 

In  the  titration  the  oxidation  must  be  complete  before  oxalic  acid  is  added. 
The  darkening  of  the  permanganate  solution  is  no  sign  that  the  yellow  precipi- 
tate is  entirely  decomposed,  for  it  requires  from  5  to  15  minutes  longer  time^ 
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dependlDg  upon  tlie  amount  of  precipitate  present  The  disappearance  of  the 
color  of  the  permanganate  is  a  fairly  good  indication  that  the  reaction  is  com- 
pleted, although  it  is  well  to  examine  the  surface  of  the  solution  closely  for 
traces  of  the  yellow  precipitate,  which  can  usually  be  seen  if  pres^it. 

Comparison  or  the  Official,  the  Modified  Official,  and  the  Volxtmetuc 
AND  Gbavimetbig  Ooralti-Sitbite  Methods. 

Cooperative  results  on  potash  (percentage). 


Sample  No 

1. 

Sample  No.  1 

Sample  No.  3. 

Analyst. 

Offldal 

CobalU-nltrlte. 

Official 

Cobalti-nitrlte. 

Official 
meth- 
od. 

Cobalti-nitilte. 

Modi- 

fled  of- 

meth- 
od. 

Vota- 
metilo. 

Orarl- 
metric. 

meth- 
od. 

VoUi- 
metric 

Grarl- 
metrfe. 

Vohi- 
metric. 

Gravi- 
metric. 

ficial 

pieth- 

od. 

H.  H.  HiU,  Blaoks- 
borg,Va. 

M.37 
51.38 

51.27 

•  51.35 

51.44 

151.83 

51.50 

151.35 

13.10 
13.20 
13.21 

13.28 
113.20 

13.28 
13.31 

4.40 
4.51 

4.01 

4.00 

14.50 

4.08 

4.77 

14.62 

4.07 
4.70 
4.73 

ATenfB. 

51.38 

5L36 

51.30 

13.20 

13.24 

13.27 

4.60 

4.60 

4.04 

4.70 

P.     L.     HIbbwd, 
Berkeley,  CaL 

48.03 
48.03 
40.01 
48.50 
48.03 
40.27 
50.15 
40.43 
48.60 
50.54 

48.20 
40.80 

12.40 
12.67 
12.70 

12.05 
13.00 

4.51 
4.63 

4.64 
4.60 
4.51 

5.32 
5.30 

4.80 
4.70 

• 

ATenge 

40.24 

40.00 

12.50 

12.06 

4.55 

5.36 

4.78 



P.    L.    McCrawy, 
BerkelBy,Cel. 

51.40 
51.44 

40.20 
40.30 
40.00 
60.20 
00.40 
00.03 
51.48 

50.06 
51.30 

13.20 
13.28 

13.05 

4.55 

4.56 

4.40 
4.40 
4.40 

4.70 
4.72 

• 

Awife 

51.42 

50.12 

50.00 

13.25 

13.05 

4.57 

4.40 

4.71 

O.  M.  Shedd,  Lex- 
ington, Ky. 

51v65 
51.57 

48.83 
48.54 
50.82 
00.12 

62.18 
52.40 

13.37 
13.40 

12.70 
12.06 
13.00 
12.00 

13.48 
13.51 

4.82 
4.53 

4.58 
4.51 

4.48 
4.45 

ATenffe. 

51.51 

40.08 

52.20 

13.30 

12.84 

18.80 

4.63 

4.62 

4.47 

Ano   Iteno.    East 
Lansing,  lllch. 

51.00 
51.00 
51.57 
51.48 

51.10 
00.85 
60.20 
40.01 

5L77 
51.02 
51.25 
51.12 

13.64 
13.00 

as 

13.01 
13.05 
13.01 
12.06 

13.04 
18.14 
13.40 
13.51 
18.51 
18.51 

4.67 
4.77 
4.00 

4.41 
4.47 
4.87 
4.30 
4.38 
4.44 

6.27 
6.20 
0.37 
0w20 
7.22 
7.44 
7.42 
7.33 

ATeraga. 

51.58 

50.50 

51.51 

13.07 

13.01 

18.80 

4.71 

4.30 

0.82 

OomeUos     Beatty, 
OollegBPark,Md. 

51.75 
51.85 
52.35 
52.40 

51.23 
51.02 
51.85 
62.00 
62.14 
62.20 
52.31 
62.36 

13.18 
13.22 
13.23 
13.28 

10.85 
11.00 
11.23 
11.30 
11.30 
n.30 
11.30 
11.47 

13.30 
13.32 
13.82 
13.35 
13.37 
13.42 

4.00 
4.73 

8.40 
5.17 
5.51 
5.70 

4.01 
4.01 

4.00 
4.00 
4.71 

4.78 

ATeraga. 

52.00 

51.06 

13.23 

11.25 

13.31 

4.71 

4.07 

4.01 

4.71 

1  U»d  porous  day  cmdblet  In  flltaiing. 
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Ooaperatlve  retirl^t  on  potaah  (pen>0fila^e)~Ck>ntlnued. 


BampleNo.1. 

Sample  No 

2. 

Sample  No.  8. 

ADAlyit. 

Official 

Cobaltl4ittrite. 

Official 

Cobaltl4iltrlte. 

Official 

Cobam^iitilte. 

Modi- 
fled  of- 

meth- 
od. 

Vohi- 
metrlo. 

Oravt 
metric. 

meth- 
od. 

Vohi- 
metrlo. 

Oravl. 
metric. 

meth- 
od. 

Vohi- 
metrlo. 

Oravi- 
metric 

ficial 
meth- 
od. 

L.  T.  Bowser,  Dmy- 
too^Oblo. 

n.80 

51.16 

61.74 
61.14 
61.06 
6L23 
61.66 
60.70 

60.00 
61.20 
60.20 
60.00 
60.57 
60.80 

13.00 
12.06 
13.20 

13.44 
13.61 
13.34 
13.30 
13.44 
13.44 

13.81 
13.26 
13.20 
13.30 
13.31 
13.24 

4.68 
4.66 

4.65 
4.74 
4.65 
4.40 
4.51 
4.52 

6wll 
5.84 
5.60 
5.01 
5.70 
5.61 

4.82 

Avefage 

fiO.W 

61.26 

60.78 

13.12 

13.41 

13.30 

4.66 

4.58 

5.83 

4.83 

A.  H.  AUen,  Rich- 

61.36 
61.44 

13.82 
13.48 

4.73 
4.71 

mond,  Va. 

Avefage 

61.40 

' 

13.60 

4.72 

F.  D.   FoUer  and 
J.  H.  Rood,  La 
Fayette,  iDd. 

61.37 
61.36 

48.12 

61.80 

13.31 
13.21 

12.11 
11.80 

11.84 
11.76 

4.61 
4.63 

4.48 
4.45 
4.40 
4.42 

6.71 
6w05 
6w86 

4.55 

4.70 

ATsragB 

61.36 

48.12 

61.80 

13.26 

11.06 

11.80 

4.62 

4.44 

6.84 

4.63 

H.     D.     Edmond, 
Stom,  Conn. 

61.60 
61.66 

48.86 
40.48 

61.88 
61.40 

13.41 
13.38 

13.06 
12.06 

13.64 
13.67 

4.73 
4.71 

4.50 

4.75 
4.66 

4.83 
4.00 

Avefage 

61.62 

40.67 

61.66 

13.40 

13.02 

13.66 

4.76 

4.50 

4.72 

4.87 

J.  IL  BarUett  and 
A.  0.  Dnrgin, 
Orono,lle. 

62.13 
62.00 
61.84 
61.72 

61.67 
61.82 
68.46 
62.00 

60.38 
60.26 
61.64 
62.36 

13.24 
13.63 
18.86 
18.66 

14.74 
14.71 
14.26 

13.23 
18.22 
18.20 
13.60 

4.70 
4.70 
4.72 
4.65 





4.74 
4.73 
4.73 
4.80 

4.64 
4.52 
4.53 

Average 

61.02 

62.00 

61.13 

13.42 

14.67 

13.34 

4.72 



4.75 

4.56 

7.  a  Jmlemis,  Madi- 
son, Wis.,  aTerage. 

60.78 

60.87 

60.60 

18.63 

18.84 

13.62 

4.78 

4.21 

6.21 

>4.36 

0.    F.    LliMOomb, 
ClemsQQ  XoUflfe, 

61.17 

61.00 
61.26 
61.60 
61.26 
61.26 

61.01 
62.07 
61.00 
60.07 
61.01 
61.67 

13.48 

18.12 
12.88 
12.88 
13.16 
13.02 
13.02 
13.17 

14.06 
14.47 
13.01 
13.66 
13.60 
13.04 
13.66 
13.06 

6.14 

5.12 
5.02 
5.12 
5.12 
5.40 
5.13 

5.30 
5.08 
5.36 

*  "    t 

........ 



Average 

61.17 

61.27 

61.67 

18.48 

13.04 

13.00 

6.14 

5.15 

5.25 

Thoi.C.  Plnlcertoii, 
Phlladelpliia,  Pa. 

61.61 
61.41 
61.22 

40.78 

40.78 



•  ■..  A.. 

40.30 
40.18 
40.80 

13.81 
13.20 

12.70 
12.60 

12.07 
12.12 
12.87 

4.40 
4.66 
4.60 

4.40 
4.54 

5.25 
5.20 
5.44 
5.38 

4.63 
4.54 

..•....• 

Average 

61.88 

40.76 

40.20 

18.30 

12.66 

12.10 

4.66 

4.47 

6.32 

4.58 

R.    IL    PJookney, 
BoaemaiL  Montr 

61.72 
61.60 

47.06 
47.06 
47.06 

48.00 
40.28 
60.00 
40.16 
^.86 

16.18 
14.07 

10.66 
11.00 
10.87 
10.75 
10.02 

10.85 
10.04 
10.81 

6.02 
4.81 

4.54 
4.54 

4.60 
4.41 
4.45 

6.04 
6.66 
6.62 
6.07 
6.04 

4.04 
4.83 

Avwage 

61.61 

47.87 

48.60 

16.06 

10.74 

10.87 

4.02 

4.40 

6.83 

4.88 

F.B.  Porter,  Atlan- 
ta,Ga. 

62.08 
62.06 
62.14 

61.63 
60.67 
61.86 
60.42 
60.60 
60.08 

60.83 
60.00 
60.26 
61.10 
60.80 
61.84 

13.30 
13.44 
13.38 

12.72 
12.62 
12.30 
12.30 
18.38 

12.14 
12.20 
12.16 
12.18 
12.16 

4.54 
4.57 
4.55 

4.61 
4.68 
4.61 

4.74 
4.87 
4.48 

4.55 

4.50 
4.57 

Average 

62.00 

60.80 

60.83 

J^ 

12.70 

12.17 

4.55 

4.60 

4.70 

4.57 

>  Omitted  from  geosial  average. 

*  WiorkdoQoby  twDftodenta  ondflr  •iiporrMoil9(Q*  !*«  Upooomb. 
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Ooop 

eraUfOi 

;  refirlff  on 

potash  (peroento^e)— Oonthmed. 

BMnptoNa 

1. 

Sample  Mo.  3. 

SunptoNaS. 

Antlyst. 

OfBdal 

OfScial 

Cobaltl4ittitte. 

Official 

Cobalttottiita. 

Modi- 
fled  of- 

meth- 
od. 

Vohi- 
metrio. 

Oravl. 
metric- 

meth- 
od. 

Vdhi- 
metric 

Oravl- 
metric 

meth- 
od. 

Vdlo- 
metrio. 

Oravi- 
metrlo. 

ficial 
meth- 
od. 

*SS5SSk?'^ 

6.10 
6.16 
6.06 
6.13 
6.18 
6.46 

W.  D.  Tomer. 

4.66 
4.68 
4.66 
4.60 

4.40 

Chicago,  ni. 

62.16 
63.00 

61.00 
61.00 

62.20 
62.21 

18.60 
18.76 

18.36 
18.84 

18.78 
18.64 

Avefage 

62.13 

61.06 

62.26 

18.08 

13.30 

18.71 

4.67 

4.60 

6.13 

E.E.Eliii,ChloagD, 
HI. 

61.67 
61.66 
61.60 
61.43 

61.06 
61.45 
61.76 
61.88 

62.10 
63.32 
62.66 
63.66 

18.70 
13.87 

18.37 
18.84 

18.68 
13.60 

4.63 
4.66 

4.41 
4.34 
4.48 
4.40 

4.06 

4.86 

4.73 

16.31 

4.88 

AT«Ue 

61.66 

61.76 

63.43 

13.78 

18.31 

18.67 

4.60 

4.88 

4.84 

4.81 

L.  8.  Walker,  Am- 
hent^Maas. 

61.86 
61.44 

40.88 
60.40 

61.88 
63.21 

13.87 
18.33 

13.04 
18.04 

18.68 

4.60 
4.77 

4.68 

4.41 

4.70 
4.86 

4.75 
4.75 

Ayenge 

61.40 

60.14 

63.06 

13.36 

13.04 

U.68 

4.78 

4.60 

4.78 

4.75 

A.  O.  Hogan  and  L. 
E.    Morgan,    Co- 
lombia, If  0. 

61.60 
61.30 
61.66 

47.60 
40.20 
47.45 
48.34 
48.21 
40.02 

61.00 
61.36 

13.03 
18.07 
13.03 

13.17 
13.68 
13.34 
18.76 
13.64 

18.33 
18.80 
18.66 

4.60 
4.68 
4.73 

4.10 
4.43 
4.06 

6.06 
4.73 
6.18 

4.68 
4.61 

ATwage 

61.46 

48.30 

61.18 

13.01 

13.61 

13.40 

4.68 

4.33 

6.83 

4.08 

M.  P.  Sweeney, 
Geneva,  N.  Y. 

63.26 
62.10 
62.81 
62.28 

62.41 
62.47 
62.20 
62.20 
62.87 

63.84 
63.37 
63.00 
63.33 

13.34 
13.68 
13.37 
13.44 

13.73 
13.80 
13.37 
13.33 

13.40 
13.87 
13.60 
13.76 
13.01 

4.60 
4.68 
4.67 

4.64 
4.81 
4.88 

4.71 
4.71 
4.68 
4.60 

4.63 
4.68 
4.67 

AveragB 

62.26 

62.36 

63.35 

13.44 

13.66 

13.86 

4.66 

4.78 

4.68 

4.66 

H.    P.    Piihbom, 
Mmoow,  Idaho. 

61.86 
61.86 

40.47 
48.06 

40.18 
40.18 

13.84 
13.84 

13.61 
13.73 

13.13 
18.06 

4.78 
4.70 

4.51 
4.66 

4.73 
4.83 

Average 

61.86 

40.12 

40.16 

13.84 

13.67 

13.00 

4.70 

4.68 

4.77 

W.  L.  WhltabotMe, 
MbosicPa. 

61.62 
61.66 
61.62 

61.27 
61.27 

61.47 
61.48 

18.40 
18.38 
18.43 

18.43 
13.43 
13.43 

13.67 
18.64 

4.77 
4.77 
4.77 

4.73 
4.80 
4.74 

4.78 
4.73 
4.78 

4.716 
4.73 
4.715 

Average 

61.68 

61.27 

61.46 

13.40 

18.43 

U.66 

4.77 

4.76 

4.76 

4.74 

61.67 

60.81 

61.08 

13.41 

12.01 

18.U 

4.66 

4.66 

6.37 

4.71 

1  Omitted  from  avanga. 

The  following  restUts  were  reported  by  Mr.  B.  Apel,  Dr.  Ro^ner,  Dr.  Hansen, 
and  Dr.  Kamman,  olSclal  chemists  of  the  Ohamber  of  Oommerce.  Berlin,  using 
the  platinic  and  the  perchlorate  methods  for  samples  1  and  2  and  the  perchlorate 
method  for  No.  8.  **  The  analyses  were  made  exactly  according  to  the  methods 
prescribed  for  the  laboratories  of  the  potash  workSw  Only  the  averages  are 
here  reported.  The  various  findings  agreed  well  with  one  another  and  did  not 
deviate  more  than  0.1  per  cent'*  Averages:  Sample  No.  1,  61.46  per  cxsat  of 
potash ;  sample  No.  2, 13.27  per  cent :  sample  No.  3,  4.99  per  cent 

These  determinations  are  very  interesting  as  showing  the  agreement  between 
the  German  and  American  methods. 
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COMMEIVTS   BY  ANALYSTS. 

H.  H.  HUh  Blackslmrff,  Va,:  I  would  suggest  that  a  large  porcelain  dish  be 
substituted  for  the  Erlenmeyer  flask  In  the  cobalt  volumetric  method.  The 
erlenmeyer  when  hot  Is  difficult  to  handle  and  the  precipitate  of  manganese 
hydroxld  which  sticks  to  the  sides  Is  somewhat  hard  to  dissolve,  whereas  with 
the  open  dish  It  goes  into  solution  easier,  the  agitation  of  the  solution  being 
better  accomplished  by  the  use  of  a  long  stirring  rod.  In  this  way  the  oxida- 
tion of  the  potash  precipitate  is  more  thorough,  the  unoxldized  particles  show- 
ing up  against  the  white  background.  The  procedure  is  also  shortened.  I 
would  also  suggest  the  use  of  a  porous  clay  crucible  instead  of  the  gooch,  as  it 
eliminates  any  error  that  may  creep  in  from  the  use  of  asbestos.  These 
crucibles  may  be  purchased  from  any  of  the  leading  dealers  in  chemical 
apparatua 

J,  8.  Burd,  Berkeley,  Oah:  I  merely  desire  to  say  that  it  appears  to  me  that 
the  results  obtainable  by  the  cobaltl-nitrite  method  vary  so  greatly  with  slight 
changes  in  the  manipulation  that  I  can  not  conceive  that  it  will  prove  to  be  a 
method  which  can  be  used  to  advantage  in  an  ordinary  analytical  laboratory. 
It  would  seem  that  the  factors  causing  these  variations  are  of  such  a  nature 
that  they  could  only  be  controlled  in  a  research  laboratory  by  elaborate  pre- 
cautions. As  at  present  developed  it  could  not  be  used  In  a  laboratory  where 
it  is  necessary  to  turn  out  large  quantities  of  work.  Again  I  do  not  see  that 
there  is  any  great  saving  either  in  the  matter  of  cost  of  reagents  or  time  in 
the  gravimetric  method  and  llttld,  if  any,  in  the  volimietric  determination,  as 
compared  with  the  platinic  chlorld  method.  The  method  does  not  seem  to  be 
sufficiently  promising  from  any  point  of  view  to  justify  further  work  on  the 
part  of  the  association. 

O.  M,  Shedd,  Lexington,  Ky,:  I  did  not  obtain  very  good  results  last  year  on 
the  chlorld  and  kalnit,  but  excellent  results  on  the  mixed  fertilizer.  The  work 
this  year  shows  the  same  thing  and  the  only  reason  I  can  give  for  it  is  the 
larger  amount  of  potassium  present  in  samples  Nos.  1  and  2.  I  never  have 
thought  that  this  method  would  always  prove  reliable  when  very  large  amounts 
of  potassium  are  to  be  precipitated,  due  mainly,  I  believe,  to  the  reagent  used 
not  being  stable.  There  are  some  inconsistencies  in  my  results  which  I  have 
not  been  able  to  account  for  as  yet,  for  instance,  the  results  obtained  on 
weighing  the  potassium  salt  and  afterwards  titrating  the  same  with  perman- 
ganate. Along  this  line  I  think  cooperative  work  should  be  done,  for  it  will 
avoid  the  error  of  two  separate  determinations  and  at  the  same  time  show 
whether  the  precipitate  has  a  constant  composition.  My  results  se^n  to  Indi- 
cate that  the  composition  is  not  constant. 

Arao  Itano,  East  Lansing,  Mich.:  The  volumetric  cobaltl-nitrite  method  gives 
lower  results  than  either  the  official  method  or  gravimetric  cobaltl-nitrite 
method.  The  gravimetric  cobalti-nltrlte  method  gives  slightly  lower  results 
than  the  official  method,  except  with  sample  No.  3,  in  which  case  higher  results 
were  obtained  in  every  Instance  where  the  method  as  outlined  was  followed. 
The  failure  to  get  results  agreeing  with  the  official  method  on  samples  1  and  2 
may  be  explained  by  the  small  aliquot  portions  used. 

Cornelius  Beatty,  College  Park,  Md.:  The  gravimetric  cobaltl-nitrite  method 
gives  results  which  agree  with  those  given  by  the  official  method.  It  takes 
more  time  than  the  official  method.  Two  hours  are  required  to  evaporate  the 
excess  of  the  cobaltl-nitrite  reagent  to  the  required  sirupy  consistency,  but  the 
platinic-acld  solution  used  in  the  official  method  can  be  evaporated  in  three- 
quarters  of  an  hour.  A  part  of  the  precipitate  is  apt  to  cling  to  the  porcelain 
dish.  This  increases  the  time  necessary  to  remove  it  The  precipitate  attains 
constant  weight  after  drying  54  minutes,  but  if  it  is  weighed  after  drying  30 
minutes  the  error  in  weighing  a  half  gram  precipitate  Is  less  than  five  ten- 
thousandths  of  a  gram.  Perhaps  this  method  might  be  modified  so  that  it 
would  be  as  short  as  the  official  method.  The  principal  merit  of  the  method  lies 
in  the  circumstance  that  platinum  is  not  used  as  a  reagent,  which  is  important 
in  eonsideratlon  of  the  present  price  of  platinum  and  the  work  of  recovering  it 

The  results  obtained  by  the  volumetric  cobaltl-nitrite  method  were  not  satis- 
factory. In  order  to  remove  the  precipitate  from  the  porcelain  Gooch  crucible, 
it  is  best  to  dry  it.  If  the  process  of  heating  the  precipitate  with  the  potassium- 
permanganate  solution  is  performed  in  a  beaker,  the  porcelain  crucible  may  be 
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immersed  in  the  potassium-permanganate  solution  with  the  adhering  precipitate 
and  removed  after  the  determination  is  complete.  The  precipitate  dissolves 
slowly  in  the  potassium-permanganate  solution.  The  purple  color  of  the  potas- 
sium-permanganate solution  disappears  after  one  hour.  The  oxalic  acid  dis- 
solves the  manganese  dioxid  very  slowly.  The  solution  does  not  become 
perfectly  colorless,  but  retains  a  faint  pink  which  is  not  changed  by  further 
additions  of  oxalic  acid. 

The  gravimetric  cobalti-nitrite  method  is  identical  with  the  volumetric  cobalti- 
nitrite  method  as  far  as  the  process  of  obtaining  the  precipitate  is  concerned. 
After  the  precipitates  are  obtained  it  is  easier  and  quicker  to  weigh  them  than 
to  treat  them  as  described  in  the  directions  for  the  volumetric  method.  The 
volumetric  cobalti-nitrite  method  has  no  advantage  over  the  gravimetric  cobalti- 
nitrite  method. 

L.  T.  Bowser,  Dayton,  Ohio:  The  gravimetric  method  gives  results  varying 
about  half  as  much  as  Uie  volumetric,  the  difference  between  extremes  by  the 
latter  giving  about  2  or  3  per  cent  per  100  per  cent  of  potash  (KaO),  and  I  note 
that  others  quite  uniformly  secure  about  the  same  differences.  The  acid  phos- 
phate and  potash  give  results  that  are  about  30  per  cent  high  on  the  gravimetric 
method,  which  strikes  me  as  peculiar.  Taken  as  a  whole,  from  the  standpoint 
of  a  chemist,  considering  the  method  for  the  first  time  (as  nearly  as  I  can 
imagine  it),  the  procedure  is  not  inviting  from  the  point  of  view  of  simplicity. 
There  are  entirely  too  many  ifs  and  ands  to  consider,  too  many  conditions 
calling  for  predetermination  of  the  nature  of  the  sample  to  be  examined.  All 
these  may  be  kept  in  mind  easily  enough  by  those  of  us  who  have  spent  several 
years  at  trials  of  the  method,  but  the  young  analyst  or  the  older  one  who  has 
always  secured  good  results  by  the  platinum  method  is  apt  to  indefinitely  post- 
pone the  use  of  th^  cobalti-nitrite  procedure. 

/.  H.  Roopf  La  Fayette,  Jnd,:  In  the  determination  of  potash  by  the  gravi- 
metric method,  in  drying  the  final  precipitates  obtained  from  samples  No.  1 
and  No.  2,  two  hours  were  required  before  constant  weight  was  obtained.  In 
the  case  of  samples  No.  1  and  No.  3  there  is  apparently  a  tendency  toward  too 
high  results  when  potash  is  determined  by  the  gravimetric  method,  due  prob- 
ably to  the  presence  of  some  impurities  which  are  not  carried  away  by  wash 
water. 

In  the  case  of  the  gravimetric  method  on  sample  No.  3,  50  cc  of  the  solution 
were  measured  into  a  platinum  dish  and  sulphuric  acid  (1:1)  was  added 
before  the  ammonia  was  driven  off.  The  results  obtained  were  7.^  per  cent 
and  7.22  per  cent  This  part  of  the  method  was  modified  by  taking  aliquots, 
evaporating  to  dryness,  and  then  adding  the  dilute  sulphuric  acid.  The  results 
obtained  are  those  reported  in  the  table.  The  presence  of  ammonia  probably 
caused  higher  results  in  the  former  instances.  There  seems  to  be  no  saving  in 
time  by  the  use  of  either  the  gravimetric  or  the  volumetric  method  as  com- 
pared with  the  ofilcial  method  and  accuracy  is  undoubtedly  sacrificed  for  cheap- 
ness of  reagenta 

O,  F.  lApscomb,  Clemaon  College,  8.  C:  The  method  as  outlined  in  the  direc- 
tions sent  out  for  analysis  was  firist  carefully  tried,  but  was  found  to  give  such 
discordant  results,  uniformly  from  3  to  5  per  cent  lower  than  the  oflScial 
method  (Chemistry  Bulletin  107,  Revised),  that  the  following  modification  was 
made  in  the  directions  received:  Instead  of  evaporating  the  solution  and  pre- 
cipitate to  a  pasty  consistency  over  a  boiling  water  bath,  we  evaporated  the 
potash  solution  to  about  5  cc  on  a  boiling  water  bath,  then  removed  the  flame 
and  added  the  precipitating  agent,  after  which  the  evaporation  to  a  pasty  con- 
dition was  continued  with  the  bath  Just  below  the  boiling  point  The  precipi- 
tate was  bright  yellow  in  color.  The  precipitate  obtained  in  the  manner 
directed  by  the  referee  was  always  dark  colored. 

Thoa.  C,  Pinkerton,  Philadelphia,  Pa,:  In  addition  to  the  three  methods  speci- 
fied, I  titrated  the  precipitate  weighed  In  the  gravimetric  cobalti-nitrite  method. 
Potassium  permanganate  was  standardized  against  sodium  oxalate,  tested  as 
described  In  Treadwell  (translated  by  Hall,  vol.  2,  p.  555).  The  cobaltl-nltrlte 
determinations  were  carried  almost  to  dryness  and  were  a  thin  paste  when 
cold.  The  loss  of  potassium  by  this  method  seemed  to  be  in  proportion  to  the 
amount  In  the  sample,  No.  1  showing  the  greatest  loss  and  No.  3  practically 
none.  I  can  not  account  for  the  high  results  in  No.  3  with  the  gravimetric 
method. 
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F,  B.  Porter,  Atlanta,  Oa.:  From  our  limited  ezperiaice  with  these  methods 
I  should  say  that  they  are  unsatisfactory  on  potash  salts. 

Paul  Rudnick,  Chicago,  IIU:  We  find  that  the  results  by  the  yolumetric 
cobaltl-nitrite  method  agree  foirly  well  with  those  obtained  by  the  oflElcial  chlor- 
platinate  method,  but  we  get  consistently  high  results  by  the  graTimetric  cobalti- 
nitrite  method.  This  is  particularly  so  in  the  case  of  sample  No.  3.  In  this 
case  there  is  a  serious  lack  of  agreement  both  between  the  two  analysts  and 
among  their  individual  results.  I  regret  that  this  sample  was  exhausted  before 
we  could  locate  the  source  of  the  trouble.  It  seems  very  probable,  however, 
that  the  presence  of  acid  phosphate  is  a  factor  in  the  difficulty. 

We  also  find  that  the  proposed  modified  ofOcial  method  gives  higher  results 
than  the  original  method;  and  inasmuch  as  this  proposed  modification  differs 
in  no  essential  manner  from  that  In  use  on  phosphoric  acid  for  similar  pur- 
I)ose6,  it  seems  to  me  that  the  association  should  adopt  this  modification  in 
justice  to  the  fertilizer  manufacturers. 

In  comparing  the  official  chlor-platinate  method  with  the  cobalti-nitrite 
method  as  outlined  for  this  work,  we  are  very  favorably  impressed  with  the 
great  improvement  in  the  character  of  the  precipitate  as  a  result  of  evaporating 
to  a  sirupy  consistency  only,  instead  of  to  dryness  as  formerly.  The  precipi- 
tated cobalti-ni trite  behaves  nearly  as  well  as  the  chlor-platinate  precipitate, 
except  for  the  fact  that  it  does  not  settle  as  quickly. 

P.  F,  Trowbridge,  Columhia,  Mo,:  We  are  all  of  us  disappointed  in  the  cobalt!- 
nitrite  method.  There  is  no  question  but  that  by  continued  repetition  greater 
accuracy  could  be  obtained  by  either  the  volumetric  or  gravimetric  methods. 
I  feel  that  a  method  to  become  official  should  be  one  that  a  good  chemist  can 
secure  concordant  results  by  paying  careful  attention  to  the  descriptions,  even 
if  he  is  not  making  these  determinations  continuously.  The  gravimetric  method 
is  no  gain  in  time  over  the  official  method  and  does  not  seem  to  me  worthy  of 
further  consideration.  The  volumetric  method  has  good  possibilities  when  the 
details  are  a  little  more  definitely  settled. 

Additional  Wobk  Repobted  by  CkiiXABOBATiNo  Analysts. 

O.  M.  Bhedd:  The  following  determinations  were  made  by  first  weighing  the 
potassium  salt  obtained  by  the  cobalti-nitrite  method  and  afterwards  titrating 
the  same  with  fifth-normal  potassium  permanganate.  In  drying  the  salt  all 
were  constant  in  one  hour. 


Percentage  potash  determinations — Modification  1 

^ 

Method. 

No.l. 

No.  2. 

No.  8. 

OnTimatiiG  eobalti-iiltrito  method 

/     fills 
\     62.40 

18.48 
13.61 

4.48 

4.46 

Avorege -,,,-^-^ ^ ^ , 

62.39 

13.60 

4.47 

Volumetric  cobalti-iiitrite  method  (on  same  precipitate  as  above) 

/     60.69 
\     51.03 

13.06 
13.07 

4.24 
4.82 

Avefage 

60.86 

18.06 

4.28 

I  also  made  some  determinations  by  evaporating  the  solution  to  5  to  10  ce 
before  adding  the  nitrite  reagait 

Percentage  potash  determinations — Modification  2. 


Method. 


No.  2. 


Volumetric  oobalti-nltrite  method. 
Avefage 


>  0.20  gram  and  20  co  reagent;  OJO-gnm  and  15  oo  reagent. 

*  0.10  gram  and  15  co  reagent;  tanth'Oormal  potassium  permanganate  and  tenth-normal  oxalic  acid  used. 

*  0.50  gram  and  20  co  reagent;  tenUMiormal  potassium  permanganate  and  tenth-normal  oxalic  acid  used. 

*  0.26  gram  and  16  oc  reagent;  tentilHionnal  potassium  permanganate  and  tenth-normal  oxaUo  acid  used. 
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The  results  on  Nos.  1  and  2,  while  low,  will  average  higher  wh^  the  solution 
is  evaporated  to  5  to  10  cc  before  adding  the  reagent  On  No.  3,  on  which 
better  results  were  obtained,  this  was  recommended  in  the  directions.  I  have 
a  sample  of  solid  sodium  cobalti-nitrite  that  is  being  sold  for  these  determina- 
tions, and  it  seems  to  me  that  if  it  proves  satisfactory  it  will  be  of  great 
assistance,  as  it  will  do  away  with  the  unstable  cobalti-nitrite  solution. 

Thomas  J.  Pinkerton  reported  the  following  results  obtained  by  titrating  the 
gravimetric  precipitate: 

Comparison  of  gravimetric  method  and  of  titrating  the  gravimetric  precipitate. 


Gravi- 
metric. 

Volumetric 
and  gravi- 
metric. 

Gravi- 
metric. 

Volumetric 

andgravi- 

meWc. 

Oravl- 
metrlc 

Volumetric 

anderavi- 

metrtc. 

49.39 
49.18 

49.  ao 

49.47 
48.53 
48.79 

12.07 
12.12 
12.37 

12.29 
12.22 
12.89 

6.25 
5.20 
5.44 
5.38 

4.50 
4.62 
4.57 
4.48 

49.39 

48.93 

12.19 

12.30 

5.32 

4.54 

R,  M.  Pkickney  also  titrated  the  gravimetric  cobalti-nltrite  precipitate  after 
weighing.  He  says :  "  I  am  unable  to  explain  why  this  titration  did  not  agree 
with  those  which  were  titrated  before  drying."    His  results  are  as  follows : 

Titration  of  gravimetric  precipitate  after  weighing. 


Sample  1. 

Sample  2. 

Sample  3. 

46.7376 
47.6792 
48.1072 
47.8504 

10.6459 
10.5802 
10.6117 

Lost 
4.5710 
4.5368 

McOreary  and  Hibbard  report  the  following  additional  work: 

P.  L,  Eihhard:  Preliminary  tests  indicated  that  correct  results  were  not 
usually  obtained,  accordingly  the  following  work  was  done  in  the  hope  of 
finding  some  modification  that  would  give  good  results.  The  method  of  han- 
dling the  precipitate  after  it  is  obtained  seems  satisfactory,  except  that  there 
appears  to  be' no  good  reason  for  diluting  the  permanganate  so  much;  100  cc 
of  water  makes  it  easier  to  handle.  The  results  are  much  influenced  by  the 
length  of  time  of  evaporation  and  the  amount  of  dilution  of  reagent  or  volume 
evaporated.  The  reagent  may  be  entirely  decomposed  by  heating  with  water  a 
few  hours.  Referee's  instructions  were  followed  closely  except  in  regard  to 
the  volume  of  water  added  at  the  beginning  of  the  evaporation.  Blank  tests 
indicated  so  little  that  no  correction  was  made  for  them  on  either  gravimetric 
or  volumetric  methods.  The  filter  tubes  with  precipitates  for  the  gravimetric 
determination  were  dried  at  100  cc  for  three  hours.  A  little  loss  was  noted 
during  the  second  hour,  but  none  in  the  third  hour.  Results  are  given  in  the 
order  in  which  obtained,  the  work  extending  over  about  10  days.  If  the  time 
of  evaporation  could  be  accurately  controlled,  and  if  the  proper  dilution  of 
each  sample  could  be  known  without  previous  experiment,  it  appears  probable 
that  accurate  results  would  be  obtained;  but  lacking  these  essoitialSy  the 
method  must,  in  my  opinion,  remain  unreliable. 
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Results  on  sample  No.  1,  aliquot  used=0£  gram. 


Vol- 


Time.* 


Potash 
(K«0). 


Method  and  remarks. 


Hrt. 

\ 

2f 
2 
2 

i 

2f 
2f 

Min. 
60 
60 
60 
30 
30 
80 
30 
30 
34 
42 
46 

Sn, 
2 
2 
2 
2 


PerceTU. 
48.86 
48.42 
48.93 


49.01 
48.60 
48.93 
49.27 
48.20 
49.80 


60.70 
60.16 
60.00 
60.07 
60.46 
60.35 
61.06 
61.30 
61.14 
60.80 
61.22 


60.15 
49.43 
48.66 
60.54 


Both  run  at  same  time. 


-VolumetricoobaltL 


Graylmetrio     oo- 
balti. 


All  nm  at  same  time  to  determine  possibilitv  of 
>   securing  uniform  results  by  unifonn  conditions 
using  the  same  solution. 


Volumetric  cobalti. 


— ^ IaU  run  at  same  time  and 

Gravimetric  cobalU,  very  difficult  to  filter. J    sMnesoluUon. 

Volumetric  cobalti— all  run  at  same  time  and  same  solution. 


Volumetric  cobalti— all  run  at  same  time,  following  referee's  direo- 
'    tions  as  nearly  as  possible. 


^  Volume— volume  of  potash  solution  when  reagent  was  added. 
'Time— length  of  time  heated  in  evaporating  dish  on  steam  bath. 

'  Previous  work  showed  that  more  nearly  correct  results  were  obtained  by 
decreasing  volume  and  time.  The  last  set  was  run  to  see  if  increased  skill 
and  familiarity  with  the  method  obtained  by  practice  would  enable  us  to  get 
good  results  by  following  the  referee's  instructions  exactly. 

Results  on  sample  No.  2,  aliquot  =  0,5  gram. 


Vol- 
ume.i 

Thne.« 

Potash 
(K,0). 

Method  and  remarks. 

ec, 
25 
25 
25 
25 
25 

6 
6 
6 
6 

Hre, 
2 
2 
2 
2 
2 

Man, 
35 
35 
36 
36 

Percent. 
12.40 
12.67 
12.70 
12.96 
13.00 

13.16 

Volumetric.  1 

All  run  at  same  time. 
Qravimetric. 

lo«.iHTn«tHn  /A  Wtt^  precipitate  ran  through  filter  and  was  tost. 
[""^^'^^^^iLost.  could  not  filter. 

vVoIumetric;  last  four  all  run  at  once. 

13.06 
13.18 

1  Volume— volume  of  jwtash  solution  when  reagent  was  added, 
t  Time— length  of  time  heated  in  evaporating  dish  on  steam  bath. 
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ReauU$  on  aample  Ifo.  S,  aliquot=^l  gram. 


Vol- 

Tim©.* 

Potash 
(KtO). 

Method  and  cemarks. 

ee. 

En. 

Percent. 

20 

3 

4.50 

20 
20 

3 
3 

4.40 
4.47 

Volumetric.  1 

20 

3 

4.47 

All  run  at  same  time. 

20 
20 

3 
3 

Min. 

4.84 

4.n 

QraylmetrlcJ 

ao 

80 
80 
30 

5.82 
5.30 
4.51 
4.53 

Oraylmetrlo. 

All  run  at  same  time. 
Volumetric. 

30 

4.64 

80 

4.56 

Volumetric— run  at  same  thne. 

80 

4.61 

1  Volume— volume  of  potash  solution  when  reagent  was  added. 
t  Time— length  of  time  heated  in  evaporating  dish  on  steam  bath. 

P.  L,  McCreary:  A  number  of  determinations  made  on  chemically  pure  potas- 
sium sulphate  by  the  volumetric  cobalti-nitrite  method,  adhering  closely  to  the 
referee's  directions,  gave  low  and  erratic  results  and  in  a  general  way  indicated 
that  the  length  of  time  of  evaporation  and  the  dilution  were  important  factors 
to  be  considered.  The  following  determinations  were,  therefore,  made,  varying 
the  volume  of  the  potash  solution  before  addition  of  the  cobalti-nitrite  reagent 
and  also  the  time  of  evaporation. 

Results  hy  the  volumetric  cohalti^trite  method,  varying  volume  of  solution  and 

time  of  evaporation. 


Sample  and  volume 
of  solution. 

Time. 

Potash 
(K,0). 

Remarks 

Sample  1-Murlate 
of  potash: 

Min. 

00 
00 
70 
70 
60 
60 
60 
60 
60 
85 
85 
86 

80 
30 
80 

Percent. 

52.35 
53.36 
53.35 
53.35 
40.20 
40.60 
40.30 
51.23 
51.48 
51.64 
51.64 
50.00 

13.24 
13.34 
18.37 

Firm  on  cooling. 
Thick  aimp  on  cooling. 

Thin  sirup  on  cooling. 
Firm  on  cooling. 

30 

20 

ao 

20 

20 

20 

20 

20 

5 

6 

5 

Sample  2-Kainit: 

5 

5 

At  the  conclusion  of  all  experimental  work  the  following  set  of  determina- 
tions was  made  according  to  the  referee's  directions  in  order  to  see  whether, 
after  more  experience  with  the  method,  better  results  might  not  be  obtained. 

Final  results  on  sample  No.  1. 


Voi- 

Time. 

Potash 
(K.O). 

ce 
85 
85 
85 
85 

1  hour  50  minutes 

Percent. 
50.30 
50.46 
50.63 
51.48 

1  hour  60  minutes 

1  hour  50  minutes 

3  hours. 
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The  results  seem  to  indicate  that  more  nearly  accurate  and  uniform  results 
are  obtained  using  a  small  volume  of  potash  solution  and  limiting  the  time  of 
evaporation.  The  reagent  is  decomposed  by  continued  heating,  and  this  decom- 
position is  hastened  by  dilution.  It  is  necessary  to  have  quite  a  large  excess  of 
the  undecomposed  reagent  present  at  the  conclusion  of  the  evaporation  to  secure 
good  results.  Using  small  volumes  of  the  potash  solution,  thus  shortening  the 
time  of  evaporation,  tends  to  produce  the  desired  effect.  For  any  given  set  of 
determinations  run  at  the  same  time  under  identical  conditions  of  dilution  and 
rapidity  of  evaporation,  fairly  concordant,  if  incorrect,  results  may  be  obtained. 
Certain  standard  conditions  might  be  found  which,  if  closely  followed,  would 
give  correct  results.  It  would  be,  however,  very  difficult  if  not  impossible  to 
duplicate  exactly  the  necessary  conditions  from  time  to  time,  and  as  the  slight- 
est variations  produce  erratic  results  the  method  in  its  present  imperfect  state 
is  not  reliable. 

Arao  Itano  reported  a  modification  of  the  gravimetric  cobalti-nitrite  method. 
His  comments  and  results  are  as  follows: 

In  seeking  for  some  explanation  of  the  high  results  given  by  the  gravimetric 
cobalti-nitrite  method  on  sample  No.  3,  it  was  found  that  the  precipitate  con- 
tained some  phosphate.  It  was,  therefore,  believed  that  if  all  the  phosphates 
were  removed  from  the  solution  before  treating  with  the  cobalti-nitrite  reagent 
the  results  might  agree  with  those  obtained  by  the  other  methods.  At  this 
point  all  of  sample  No.  3  had  been  used,  although  a  quantity  of  solution  was 
still  on  hand.  This  solution  had  been  obtained  in  the  usual  way  by  boiling  10 
grams  for  one-half  hour  with  300  cc  of  water.  By  testing  this  solution  it  was 
found  that  phosphate  was  pres«it  Four  portions  of  50  cc  each  were  placed 
in  bealters  and  numbered.  Nos.  1  and  2  were  treated  with  a  small  quantity  of 
milk  of  lime,  allowed  to  stand  a  few  minutes,  filtered,  washed  with  water,  and  the 
excess  of  lime  in  the  filtrate  removed  by  precipitating  with  ammonium  oxalate 
In  the  usual  manner.  After  filtering  and  washing  with  water  the  filtrate  was 
evaporated  to  dryness  and  from  this  point  the  method  was  followed  exactly  as 
given.  Nos.  3  and  4  were  treated  witl>  baryta  water,  filtered,  washed  with 
hot  water,  and  excess  of  baryta  removed  with  sulphuric  acid,  the  filtrate 
evaporated  to  dryness,  ignited,  and  from  this  the  method  was  followed  as  given. 

Th^  following  table  gives  the  results  obtained  as  compared  with  those  by 
the  official  and  volumetric  cobalti-nitrite  methods : 

Potash  results  on  sample  No.  S  hy  three  methods. 


Oravlmet- 

Volumetric 

riccobalU- 

Official 

cobalti- 

nitrite 

method. 

nitrlte 

method— 

method. 

phosphates 
removed. 

Percent. 

Percent. 

Percent. 

4.07 

4.41 

4.47(11 

4.47 

4.47 

4.38(21 

4.60 

4.37 

4.31(31 

4.30 
4.88 
4.44 

4.31(4) 

The  removal  of  the  soluble  phosphates  in  this  way,  however,  is  rather  tedious, 
as  it  requires  the  filtering  and  washing  of  two  precipitates.  Consequently  the 
following  method  was  adopted : 

Weigh  out  samples  and  boil  with  water  as  usual.  Then  make  slightly  am- 
moniacal,  add  5  cc  of  milk  of  lime,  and  allow  to  stand  on  hot  plate  for  one 
hour;  cool,  make  up  to  volume,  and  filter.  "A  sample  of  commercial  fertilizer 
collected  in  the  open  market  was  used  for  further  work. 
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PotMh  results  on  a  commercial  fertiUeer  hy  three  methods. 


Gravi- 

Gravl. 

metric 

metric 

Official 

cobalU- 

cobalU- 

method. 

nitrite 

nitrite 

method 

method 

untreated. 

treated. 

Percent. 

PereenL 

Percent. 

10.28 

11.76 

10.49 

10.39 

11.61 

10.49 

12.04 

10.41 

12.06 

10.42 

H.  H.  Hill,  associate  referee,  has  called  attention  to  the  fact  that  the  factors 
for  calculating  potash  from  KaPtCU  as  found  in  Bulletin  107,  Revised,  Bureau 
of  Chemistry,  vary  somewhat  from  those  calculated  according  to  the  latest 
atomic  weights.  I  have  recalculated  these  factors  according  to  the  Inter- 
national atomic  weights  for  1912  (J.  Amer.  Chem.  Soc.,  1911,  33:11),  and 
find  they  should  be  as  follows: 

Potassium  platinic  chlorid  to  potassium  chlorid,  0.3067 ;  to  potassium  sulphate, 
0.3685 ;  to  potassium  ozid,  0.1938. 

For  the  sake  of  uniformity  the  revised  factors  should  be  adopted. 

Discussion  of  Methods, 
i.  volumetric  cobalti-nrtbite. 

This  method  has  now  been  studied  by  the  association  for  three  successive 
years,  and  though  it  may  appear  from  the  many  variable  results  that  we  are 
still  fkr  from  having  a  method  which  will  give  satisfaction  in  the  hands  of  the 
average  worker,  much  progress  has  been  made,  many  interesting  points  have 
developed,  and  certain  questions  fundamental  to  its  accuracy  have  been 
answered. 

A  careful  examination  of  the  data  for  each  of  the  past  three  years  shows 
very  dose  agreement  for  the  mixed  fertilizers;  but  in  the  case  of  potash  salts 
there  is  a  decided  tendoicy  to  low  results.  This  is  probably  due  in  part  to  the 
Inability  to  precipitate  completely  the  large  amount  of  potash  in  solution. 
Several  analysts  have,  however,  consistently  obtained  excellent  agreements 
for  all  the  samples  tested,  showing  that  with  experiaice  it  is  possible  to  obtain 
concordant  results. 

In  Justice  to  the  method  I  wish  to  say  that  I  believe  for  the  determination  of 
small  amounts  of  potash  in  such  materials  as  soils,  cereals,  etc.,  it  can  be  used 
with  great  accuracy,  and  for  fertilizers  and  substances  high  in  potash,  success 
will  depend  largely  upon  the  analyst,  practice  being  an  important  fiiotor.  In 
its  pr^ent  stage  of  development  the  method  is  rather  complicated,  requiring 
many  operations  and  too  close  attention  to  minor  details  to  prove  attractive  for 
control  work.  As  many  of  the  results  have  been  variable  and  the  comments 
00  generally  unfavorable,  it  does  not  seem  best  to  continue  work  on  this  method 
until  it  has  been  further  developed.  Investigations  are  now  in  progress  in 
several  laboratories  and  it  is  probable  that  radical  changes  will  be  made  which 
will  tend  toward  greater  accuracy. 

n.   ORAVIMETBIC   COBALTI-NITBITE    METHOD. 

Although  this  method  has  also  jMroved  more  or  less  variable,  it  is  simpler  than 
the  volumetric  and  requires  much  less  time  to  complete  a  series  of  determina- 
tiona     Very  high  results  were  generally  obtained  upon  sample  No.  3,  owing 
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probably  to  tbe  interference  of  pbosirtiateSp  as  this  sample  was  composed  of 
acid  phosphate  and  muriate. 

Mr.  Arao  Itano,  of  East  Lansing,  Mich.,  has  reported  a  modification  of  this 
method  by  which  he  obtained  very  accurate  results.  Briefly,  his  procedure  is 
to  throw  out  the  phosphates  with  milk  of  lime  before  precipitating  with  the 
cobalti-nitrite  reagent  With  this  improvement  the  gravimetric  method  is  so 
promising  that  I  think,  it  deserves  further  study  by  the  association. 

m.  IfODIFIID  OFFICIAL  METHOD. 

It  is  well  known  that  the  ofllcial  method  of  making  up  the  solution  does  not 
recover  all  of  the  soluble  potash  present  in  a  mixed  fertilizer.  Recent  Investi- 
gations have  shown  that  this  Is  probably  due  to  the  formation  of  insoluble 
potash  compounds  when  samples  containing  Iron,  alumina,  and  pho^rtiates  are 
boiled  witii  water.  Several  dlffermt  ways  of  getting  this  potash  in  solution 
have  been  tried  from  time  to  time,  but  for  various  reascms,  mainly  owing  to  the 
use  of  acid  for  extraction,  they  have  not  met  with  the  ai^roval  of  the  associa- 
tion. The  proposed  modification  of  washing  a  weighed  amount  of  sample  upon 
filter  paper  with  boiling  water  has  been  tried  for  the  past  two  years  with  very 
satisfactory  resulta 

In  the  work  of  1910  ^  an  increase  of  potash  recovered  of  from  0.1  to  0.3  per 
cent  was  quite  generally  reported ;  the  average  for  the  ofllcial  method  being  4.69 
per  cent,  that  for  the  modifled  method  4.81  per  cent,  a  dUTerenoe  of  0.12  per 
cent  in  favor  of  the  latter.  About  the  same  Increase  has  been  obtelned*  this 
year,  the  averages  being  4.66  per  cent  ofllcial  and  4.71  per  cent  modifled  oflfdal — 
a  difference  of  0.05  per  cent  in  favor  of  the  modlflcati<m  (theory,  4.86). 

Last  year^  the  referee  made  a  comparison  of  the  results  <»  82  dlfferoit 
samples  by  both  methods,  which  resulted  very  favorably  for  the  proposed  modi- 
fication. Twenty-seven  samples  gave  increased  amounte  of  potash  ranging 
from  0.05  to  0.54  per  cent  In  one  sample  there  was  no  difference.  Four 
samples  gave  sllghtiy  less.  It  often  happois  that  both  methods  agree,  but  In 
the  majority  of  cases  the  modification  gives  the  highest  resulte;  the  increase, 
especially  for  high-grade  goods,  being  sometimes  as  great  as  0.8  per  cent  to  0.9 
per  c&aL 

The  method  is  more  accurate  than  the  official,  as  It  recovers  more  of  the 
soluble  potesh  and  gives  resulte  closer  to  the  theory;  as  It  also  complies  with 
the  laws  of  those  Stetes  requiring  water-soluble  determinations^  It  seems  to  the 
referee  that  It  flhould  be  adopted  as  ofllcial. 

BOOOlflfENDATIOlTS. 

It  is  recommended — 

(1)  That  work  on  the  volumetric  cobalti-nitrite  method  be  discontinued  until 
further  Investigation  has  simplified  it  and  rendered  it  of  more  practical  value. 

(2)  That  a  further  study  of  the  gravimetric  cobalti-nitrite  method  be  made 
by  the  next  referee,  in  the  case  of  mixed  fertilizers,  using  the  modification  sug- 
gested by  Mr.  Itano  of  precipitethig  the  phosphates  with  milk  of  lime  before 
adding  the  cobalti-nitrite  reagent 

(3)  That  the  proposed  modification  of  the  ofllcial  method  be  adopted,  and 
that  the  ofllcial  method.  Bulletin  107,  Revised,  page  11,  (2)  **  Methods  of  Making 
Solution/*  be  revised  to  read  as  follows: 

(a)  With  potash  salts  and  mixed  fertilizers. — ^Wel^  2.5  grams  of  the  sample 
upcm  a  12.5  cm  filter  paper  and  wash  with  successive  small  portions  of  boiling 

*n.  8.  Dept  Agr.,  Bureaa  of  Chemistiy  Bui.  137,  p.  16. 
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water  into  a  250  cc  graduated  flask  to  a  yolmne  of  about  200  cc.  In  the  case 
of  mixed  fertilizers  add  2  cc  of  concentrated  hydrochloric  acid,  heat  to  boiling, 
and  add  to  the  hot  solution  a  slight  excess  of  ammonium  hydroxid  and  then 
suffici^it  anunonium  oxalate  to  precipitate  all  the  lime  present;  cool,  dilute  to 
260  cc,  mix,  and  pass  through  a  dry  filter. 

In  the  case  of  muriate  and  sulphate  of  potash,  sulphate  of  potash  and  mag- 
nesia, and  kainit,  dissolve  and  dilute  to  250  cc  without  the  addition  of  am- 
monium hydroxid  and  ammonium  oxalate. 

Under  (3)  "  Determination,"  second  line  should  be  changed  to  read  0.5  gram 
Instead  of  1  gram. 
On  page  12 — 

(&)  Muriate  of  potash. — ^Acidify  50  cc  of  the  solution  prepared  according  to 
(2)   (a)  with  a  few  drops  of  hydrochloric  acid,  etc. 

(o)  SulpTiate  of  potash^  sulphate  of  potash  and  magnesia,  and  kainit. — Acid- 
ify 50  cc  of  the  solution  prepared  according  to  (2)  (a)  with  a  few  drops  of 
hydrochloric  acid,  etc. 

(4)  That  the  factors  for  calculathig  potash  from  potassium  platinic  chlorid 
(BuL  107,  Rev.,  Bureau  of  Chemistry,  p.  12)  be  revised  to  read  as  follows: 

(c)  Factors. 

For  the  conversion  of  potassium  platinic  chlorid  to  potassium  chlorid  use 
the  factor  0.3067;  to  potassium  sulphate,  0.3585;  to  potassium  oxid,  0.1988. 


ESTIMATION  OF  POTASSIUM  AS  THE  COBALTI-NITRITB. 
By  W.  A.  Dbushel. 

In  1907  and  1908  the  writer  published  three  papers  ^  on  a  modification  of  the 
Adie  and  Wood  volumetric  method  for  potassium  and  the  application  of  the 
modified  procedure  to  fertilizers  with  less  than  10  per  c«it  of  potassium  oxid 
(KsO)  and  to  soils  and  physiological  products.  It  was  shown  that  with  proper 
care  the  Adie  and  Wood  gravimetric  cobalti-nitrite  method  under  the  newly 
described  conditions  of  precipitation  and  the  modified  procedure  for  the  vol- 
umetric method  for  small  amounts  of  potassium  both  give  results  fkirly 
accurate  and  concordant  with  the  results  obtabied  by  the  platinic  chlorid 
method.  In  no  case,  however,  in  the  results  obtained  and  published  was  more 
than  0.1  gram  of  potassium  oxid  used  for  a  determination.  The  potassium 
factor,  0.000856  or  0.000857,  for  strictly  tenth-normal  potassium  permanganate 
was  derived  for  the  modified  volumetric  procedure  from  experimental  data  and 
theoretical  considerations  published  in  the  first  paper. 

The  application  of  the  volumetric  cobalti-nitrite  process  to  the  estimation 
of  potash  in  soils  and  such  physiological  products  as  urlne^  blood,  lymph, 
serum,  and  milk  is  fully  described  hi  papers  Just  cited. 

That  the  modified  volumetric  procedure  may  be  applied  with  a  f^lr  degree  of 
accuracy  for  potassium  in  small  amounts  (though  in  somewhat  larger  amounts 
than  "1  to  50  parts  per  million"),  contrary  to  a  recently  published  statement,' 
is  shown  by  the  writer's  published  results,  and  has  been  further  verified  by  the 
results  of  V.  C.  Myers,*  of  New  York,  along  physiological  lines,  and  by  the 
results  of  the  referees  on  soils  published  in  Bulletins  132  and  187  of  the  Bureau 
of  Chemistry. 

^  Amer.  J.  Sci.,  1907,  84 :  433 ;  ibid.,  1908,  26 :  329  and  555 ;  reprinted  In  Zts.  anorg. 
Chem.,  1908. 

*  Bowser.  J.  Amcr.  Chem.  Soc.,  1911,  SS :  1762. 

'Privately  communicated.  ' 
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Synopsis  of  referees*  reports  on  totta  potassium  in  soils  for  1909  and  1910. 


Year  and  number 
of  sample. 

Number  of  determina- 
tions made. 

Oenaral  a^eragBS  In 
percent. 

J.  L.  Smith 
gravi- 
metric 
method. 

Volumetric 

oobaltl* 

nitrite 

method. 

J.  L.  Smith 

gmyl- 

metric 

method. 

Volumetric 

cobaltl- 

nitrite 

method. 

1909:1 

No.l 

No.  2 

1910:  • 

No.l 

No.  2 

No.3 

11 
86 

18 

.      13 
13 

11 
96 

11 
10 
9 

1.808 
1.661 

1.854 

•1.739 

1.9B6 

1.681 
1.663 

1.868 
1.642 
1.961 

1 U.  S.  Dept.  Agr.,  Bureau  of  Chemistry  BaL  132,  p.  26. 

•  U.  8.  Dept.  Agr.,  Bureau  of  Chemistry  Bui.  137. 

•  An  erroneous  computation  reported  In  Bulletin  137  should  read  1.670. 

In  the  report  of  the  asBOciation  for  1909  It  was  requested  by  the  referee  on 
potash  that  the  determination  be  made  on  sample  1  (potassium  chlorid  of 
tested  purity)  and  on  sample  2  (a  complete  mixed  fertilizer  containing  a  consid- 
erable proportion  of  organic  matter)  by  the  official  method  and  also  by  the 
proposed  volumetric  cobalti-nitrite  method.  Hie  volumetric  method  was  out- 
lined for  the  cooperating  analysts  by  the  referee,  it  being  recommended  that 
not  more  than  0.2  gram  of  sample  1  be  used;  that  1  gram  of  sample  2  and 
10  cc  of  the  cobaltl-nitrlte  reagent  be  used  fbr  each  determination;  or  that 
for  sample  1  an  amount  of  solution  corresponding  to  not  more  than  0.2  gram 
of  the  sample  be  used.  Nine  cooperating  analysts  reported  results,  some  of 
which  were  obtained  by  introducing  Blight  modifications  to  the  method  as 
outlined.  These  results  have  been  examined  to  determine  the  extreme  varia- 
tions by  the  two  methods  and  the  comparative  numbers  of  determinations 
reported  lying  within  fairly  wide  limits  of  f arlation. 

Extreme  variation  of  results   Ity   the  official   and  wAumetrio  cohalti^trite 

methods  in  1909. 


Method. 

SamplBl. 

Sample  2. 

Official           a             

PereenL 
62.35 to    63.21 
61. 77  to    63.44 
60.07toi64.44 

Percent, 
8. 13  to  3. 98 

Volumetric  ...    . .     -      

8. 30  to  8. 90 

I  Obtained  by  a  modification  of  the  prescribed  procedure. 
Proportion  of  results  lying  within  the  JimUs  specified. 


Method. 

Between  62.6  and 
63  per  cent 

Between  8.6  and 
8.86  per  coot. 

Official 

12  out  of  15 

7outof31i 

10  out  of  19. 

Volnnw^fri^ 

14  out  of  28. 

1 10  of  these  results  lying  below  62.60  per  cent  were  reported  by  the  i 


I  analyst. 


A  tendency  toward  low  results  was  frequently  observed  in  the  volumetric 
method,  particularly  in  sample  1.  This  may  be  due  to  insufficient  use  of 
sodium  cobaltl-nitrite  in  making  the  precipitation,  since  this  reagent  on  heating 


Digitized  by 


Google 


44 

is  partially  decomposed  by  the  acetic  acid  which  is  present  The  writer  in 
developing  the  method  did  not  consider  20  to  25  cc  of  the  precipitating  reagent 
to  be  more  than  a  liberal  excess  for  0.2  gram  of  potassium  (KaO)  wh^i  used 
in  the  presence  of  acetic  acid,  instead  of  10  cc,  as  recommended  by  the  referee. 
The  presence  of  acetic  acid  appears  to  be  necessary  to  produce  a  filterable 
precipitate,  as  was  shown  by  Adie  and  Wood. 

In  1910  it  was  recommended  that  potash  in  samples  1  (commercial  muriate) » 
2  (kainit),  and  3  (a  complete  mixed  fertilizer)  be  determined  by  the  ofiicial 
and  the  volumetric  cobalti-nitrite  methods,  etc.  For  the  volumetric  and  gravi- 
metric cobalti-nitrite  methods  it  was  suggested  that  5  cc  of  the  solution  of 
sample  1,  equal  to  0.1  gram,  be  run  from  a  burette  into  a  porcelain  evaporating 
dish,  diluted  to  20  cc,  1  cc  of  glacial  acetic  acid  and  10  cc  of  sodium  cobaltl- 
nitrite  solution  be  added,  etc. 

From  the  results  of  17  cooperating  analysts  the  following  table  of  extreme 
variations,  etc.,  has  been  obtained: 

Extreme  variation  of  results  hy  official  and  volumetric  cobalti-nitrite  methods 

in  1910. 


Method. 

Sample  1. 

Sample  2. 

Sample  3. 

Official 

PereenL 
60.6to53.26 
149. 55  to  55. 26 
51.77 

PereenL 
12. 28  to  13. 73 
112. 11  to  13. 36 
12.73 

PereenL 
4. 89  to  4. 90 

V0l"Tn«t»lA 

14. 26  to  4. 91 

Reported  general  average  by  official  method. 

4.60 

1  One  analyst  reported  considerably  lower  on  samples  land  2, 46.1  per  cent  and  10.27  per  cent;  one  analyst 
reported  4  per  cent  lor  sample  3. 

Proportion  of  results  lying  within  the  limits  specified. 


Method. 

Between  61.6  and 
52  per  cent. 

Between  12.6  and 
13  per  cent. 

Between  4.6  and 
4.75  per  cent 

Official 

28  out  of  42. 

13  out  of  491 

26  out  of  36 

27outof49« 

22  out  of  87. 

Volometrio 

17  out  of  52.1 

1  Five  of  these  results,  all  below  51.6  per  cent,  were  reported  by  the  a 
<  Seven  results  below  12.5  per  cent  reported  by  same  analyst. 
*  Eleven  results,  all  below  4.6  per  cent,  reported  by  two  analysts. 


)  analyst. 


Under  ''Discussion  of  results"  in  Bulletin  137,  page  21  (1910),  the  referee 
says :  **  Owing  to  the  use  of  such  a  small  aliquot  the  variations  in  sample  No.  1 
appear  to  he  greater  than  the  actual  error  occurring  in  the  determination.  In 
calculation  this  error  is  increased  ten  times.  The  use  of  a  larger  aliquot 
should  be  studied.'*  In  the  conclusions  the  referee  further  says:  "By  the 
volumetric  method,  as  outlined,  the  majority  of  analysts  have  obtained  satis- 
factory results.  ♦  •  ♦  Although  it  is  difficult  to  draw  definite  conclusions 
from  the  data  received,  from  my  experience  with  the  method  I  think  that  with 
slight  modification  an  accurate  optional  method  can  be  developed.*' 

From  the  writer's  experience  in  developing  and  applying  the  volumetric 
method  and  from  his  published  results  it  would  appear  that  it  was  never  in- 
tended that  the  method  should  be  applied  in  practice  to  cases  where  the  error 
in  the  determination  will  be  increased  10  times  in  the  calculation.  It  must  be 
admitted  that  the  method  has  certain  inher^it  difficulties  leading  to  errors, 
which,  however,  by  proper  care  in  manipulation  and  proper  restriction  in  the 
application  of  the  method  may  be  kept  within  fairly  reasonable  limits,  as  has 
been  amply  shown  by  the  soil  analysts  and  physiological  chemista    Obviously 
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a  piethod  Intended  tor  substances  running  under  10  p^  cent  in  potassium 
(K«0)  when  tested  on  such  blgh-grade  potash  salts  as  the  muriate  should  be 
given  the  advantage  of  every  care  and  precaution  which  would  make  for  ac- 
curacy. When  a  60  per  cent  potash  salt  Is  so  aliquoted  that  only  5  cc  may 
be  used  for  a  determination  it  requires  unusual  care  in  measuring  this  amount 
from  a  burette  to  avoid  the  introduction  of  an  appreciable  error  at  this  point 
An  error  of  1/40  cc  (not  an  unusual  error  for  analysts  accustomed  to  gravi- 
metric rather  than  volumetric  work)  In  the  two  burette  readings  necessary  In 
measuring  out  5  cc  of  solution  may  lead  to  an  error  of  0.5  per  cent  in  the  final 
result  (2X1/40  cc)-HS  ccXSO  per  c«it=OiS  per  cent  Is  It  fkir  to  test  a  method 
Intended  for  small  amounts  of  potash  on  a  60  per  cent  salt  and  recommend  to 
the  cooperating  analysts  such  a  small  amount  of  solution  of  the  salt  to  be 
used  that  in  measuring  from  a  burette  this  amount  (5  cc)  there  is  the  pos- 
sibility of  bitroduclng  in,  the  final  result  an  error  of  0.5  per  cent  due  to 
burette  manipulation  alone?  Would  it  not  have  been  preferable  to  have  the 
solution  sufllciently  dilute  so  that  25  cc  Instead  of  5  cc  subsequently  diluted 
to  25  cc  with  water  would  have  been  measured  from  the  burette? 

In  the  matter  of  concordance  in  results  reference  may  be  made  to  the  work 
of  Shedd  (Bulletin  137,  pp.  20-22),  who  has  had  considerable  experience  with 
the  volumetric  method,  both  in  soils  and  in  fertilizers. 

In  the  use  of  the  cobalti-nltrite  precipitating  reagent  in  the  presence  of 
acetic  acid  care  must  be  exercised  to  keep  an  ample  excess  of  reagent  present 
during  the  evaporation,  since  the  reagent  is  decomposed  by  acetic  acid  at  the 
temperature  of  the  steam  bath.  At  least  15  to  20  cc  of  the  reagent  should  be 
used  for  0.1  gram  of  potassium  oxld  If  the  precipitation  and  evaporation  are 
made  in  the  presence  of  1  cc  of  added  glacial  acetic  acid.  The  results  for  1910 
on  commercial  muriate  generally  run  low,  and  if  for  1011  the  allquots  for  the 
volumetric  process  have  been  made  on  the  basis  of  5  cc  of  the  potash  solution 
to  0.1  gram  of  potassium  (KjO),  and  not  more  than  10  cc  of  the  precipitating 
reagent  used  in  the  presence  of  variable  amounts  of  glacial  acetic  acid,  equally 
low  results  may  be  expected  from  the  use  of  this  method  on  a  50  per  cent 
potash  salt 

In  conclusion  the  writer  would  suggest  that  the  volumetric  method  be  not 
rejected  by  reason  of  results  obtained  on  a  50  per  cent  potash  salt  under  con- 
ditions not  very  favorable  in  the  hands  of  analysts  unfamiliar  with  the 
method,  but  rather  that  it  be  limited  to  low-grade  potash  substances,  for 
which  it  was  originally  developed  and  for  which  satisfactory  results  have 
been  obtained  by  a  number  of  analysts.  With  a  more  liberal  use  of  the  pre- 
cipitating reagent  an^  more  favorable  conditions  of  manipulation  In  the  hands 
of  analysts  familiar  with  the  limitations  of  the  method,  reasonably  uniform 
and  dependable  results  should  be  obtained  from  the  use  of  the  volumetric 
method  in  fertilizers  containing  less  than  10  per  cent  of  potassium  oxld. 

The  following  paper  was  presented  by  the  referee  on  potash,  Mr. 
Baker,  at  the  request  of  the  author. 


SOME  FBATURBS  OF  THE  COBALTI-NIIRXTB  METHOD  FOR  POTASSIUM. 

By  Lbon  T.  Bowseb. 

The  writer  has  been  Interested  in  this  method  from  the  flrst,  and  In  addition 
to  his  published  work  has  at  hand  an  accumulation  of  data  which  it  Is  purposed 
to  put  at  the  service  of  the  association  and  Its  members,  believing  that  an 
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early  solution  of  the  cause  of  difficulty  Is  more  probable  with  numerous  Investi- 
gators studying  It  than  with  only  one. 

The  procedure  fklls  naturally  Into  two  divisions,  precipitation  and  titration. 
The  method  of  precipitation  Is  one  first  published  by  W.  A.  Drushel,  and  prac- 
tically no  change  has  thus  far  been  made  In  it  The  titration  method  Is  an 
evolution  from  that  proposed  by  Drushel,  but  is  quite  different  from  that 
advocated  by  the  writer.  The  latter  at  one  time  stated,  as  nearly  everyone 
has  seemed  to  believe,  that  the  titration  is  defective,  but  that  the  precipita- 
tion is  fklrly  satisfactory.  As  will  be  shown,  however,  exactly  the  opposite  is 
the  case,  and  all  research  should  be  directed  toward  the  discovery  of  a  satis- 
factory method  of  precipitation.  The  chief  causes  of  difficulty  in  the  present 
one  have  been  worked  out,  and  will  be  first  discussed,  followed  by  a  description 
of  a  reliable  titration  procedure,  and  lastly  will  be  detailed  by  a  description 
to  work  out  a  satisfactory  new  precipitation  method^ 

Dnrnoui^riBs  in  Pbboipitation. 

Many  have  found  that  dilution  of  'the  potash  solution,  volume  of  the  reagent, 
presence  or  absence  of  acetic  acid,  time,  temperature,  and  degree  of  evaporation, 
and  various  other  conditions  produce  unexpected  changes  in  the  final  condition  of 
the  precipitate,  and  with  some  combinations  results  are  high,  with  others  low. 
Discussion  of  the  variations  due  to  these  minor  conditions  is  useless^  however, 
since  there  are  two  major  ones  entirely  overshadowing  them  In  importance. 
One  Is  the  effect  of  certain  metallic  salts  during  evaporation,  the  other  the 
solubility  of  the  yellow  precipitate  in  solutions  of  cobalt  salts,  and  in  a  contrary 
direction  the  precipitation  under  certain  conditions  of  little-known  bluish-green 
cobalt  compounds. 

Salts  of  such  ordinary  metals  as  iron,  aluminum,  manganese,  barium,  calcium, 
magnesium,  and  copper,  as  well  as  many  of  the  less  common  ones,  are  those 
apt  to  give  trouble.  Dl-potassium-sodlum  cobaltl-nltrlte  when  heated,  nearly 
to  boiling  (as  happens  during  evaporation)  in  solutions  of  such  salts,  is  more 
or  less  completely  decomposed,  leaving  a  pink  solution.  With  some  the  reaction 
is  very  slow,  with  others  almost  Instantaneous,  but  there  Is  a  remarkable  lack 
of  uniformity  about  the  behavior  of  the  tests  carried  out  as  exact  duplicates. 
So  serious  is  this  difficulty  that  under  certain  conditions  It  would  mean  failure 
to  attempt  the  precipitation  of  potassium  in  their  presence.  Sometimes  a  fairly 
accurate  result  may  be  attained  even  In  the  presence  of  such  salts,  but  fre- 
quently the  writer  has  had  duplicate  determinations  give  results,  one  nearly 
correct,  the  other  but  a  fraction  of  the  amount  of  potash  present.  This  Is  a 
serious  obstacle  to  the  use  of  the  method,  and  It  apparently  can  not  be  avoided 
when  using  the  evaporation  procedure,  save  by  removing  all  metals  except 
sodium  and  potassium. 

To  the  fact  that  the  precipitate  Is  more  or  less  soluble  In  solutions  of  cobalt 
salts  may  be  attributed  the  balance  of  our  dlfflcultlea  Shedd,  In  his  second 
paper,^  approached,  but  seemingly  did  not  discover,  this  feature  of  the  subject 
He  states  that  the  precipitate  Is  acted  on  by  the  acetic  acid  and  water  present 
but  concludes  that  a  large  excess  of  reagent  Is  necessary  to  keep  all  the  potash 
In  solution,  while  In  reality  the  action  of  acetic  acid  and  water  at  boiling  la 
entirely  overshadowed  by  the  solvent  action  of  the  cobalt  salts  resulting  from 
decomposition  of  the  reagent  So  far  as  his  tests  go,  they  accord  fully  with  the 
writer's  own  observations,  but  to  the  fact  that  the  reagent  Is  decomposed 
by  heating  to  boUhig,  leaving,  It  is  probable,  a  mixture  of  primary  salts,  is  due 
the  principal  trouble. 

ij.  Ind.  Bag.  Cbem.,  1910,  S'.879. 
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Upon  adding  the  reagent  to  a  potash  solution  in  the  cold,  the  yellow  triple 
nitrite  quickly  predpitatee  and  settles.  No  sooner  does  the  supernatant  solu- 
tion become  thoroughly  warmed  than  it  begins  to  lose  its  characteristic  wine 
color  and  assumes  a  reddish  tint  changing  to  purple.  As  the  amount  of  solution 
grows  less  the  precipitate  disappears,  and  in  many  cases  there  is  a  stage  where 
but  a  few  grains  remain  to  view.  Then  as  the  concoitration  increases  there  is 
a  red^)osition  of  the  nitrite,  and  by  the  time  pastiness  is  reached  nearly  all  is 
precipitated  again,  although  concealed  by  the  purplish  cobalt  salts. 

Titrations  of  the  precipitate  at  different  stages  of  evaporation  confirm  fully 
the  tsict  that  at  certain  times  a  large  part  is  actually  dissolved,  and  that  later  It 
Is  again  deposited.  In  this  case,  also,  there  is  a  remarkable  lack  of  uniformity ; 
sometimes  the  action  is  very  complete,  at  others  hardly  noticeable.  In  numerous 
qualitative  tests  with  various  salts  of  cobalt  as  well  as  with  the  reagent,  it  was 
found  that  sometimes  part  and  sometimes  all  of  the  triple  nitrite  goes  into 
solution  upon  boiling,  while  upon  cooling  there  are  cases  where  a  considerable 
part  is  redeposited,  and  others  where  never  a  trace  of  the  precipitate  reappears. 
With  some  of  the  latter  a  small  amount  was  thrown  down,  however,  by  adding 
alcohol,  hence  the  precipitate  is  somewhat  soluble  in  cold  solutions  of  cobalt 
salts. 

In  the  light  of  these  fkcts  part  of  the  irregularities  of  volumetric  results  are 
easily  explained.  During  evaporation  some  of  the  precipitate  goes  into  solu- 
tion, but  the  degree  of  solution  is  not  uniform,  being  influoiced  by  factors  too 
numerous  and  elusive  to  control.  Evaporation  to  pastiness,  which  has  been 
found  desirable^  leaves  variable  amounts  of  cobalt  solution,  accompanied  by  a 
proportionately  varying  amount  of  the  precipitate,  which  is  subsequently  washed 
away  in  filtering.    This  must  always  produce  a  loss  of  potash. 

In  the  opposite  direction,  under  certain  imperfectly  understood  conditions^ 
there  is  deposited  along  with  the  yellow  precipitate  a  bluish-green  substance 
insoluble  in  water,  which  subsequently  takes  up  j)ermanganate  Just  as  does 
the  precipitate.  Shedd  has  shown  that  the  amount  of  this  substance  is  variable, 
and  at  times  equivalent  to  a  very  considerable  amount  of  potash.  This  is.  the 
positive  source  of  error,  and  it  depends  on  whether  conditions  favor  the  forma- 
tion of  this  bluish-green  substance  or  the  retaining  of  part  of  the  precipitate 
in  the  pasty  cobalt  solution  as  to  whether  we  have  high  or  low  results.  It  is 
not  improbable  that  the  securing  of  a  result  nearly  correct  is  due  largely  to  the 
balancing  of  these  two  sources  of  error. 

TiTBATION  PBOCEDUBE. 

It  has  been  found,  notwithstanding  all  statements  to  the  contrary,  that 
strictly  accurate  results  are  attainable  by  using  as  little  water  as  possible, 
adding  permanganate,  introducing  5  cc  of  sulphuric  acid  (1:1),  and  then  heat- 
ing Just  to  boiling  (stirring  constantly  meanwhile),  decolorizing  with  oxalic 
acid,  and  titrating  back  with  permanganate.  Perfect  decomposition  of  the 
precipitate  is  always  secured,  and  by  keeping  the  solution  well  stirred  there  is 
no  loss  of  nitrous  acid.  The  time  necessary  for  a  complete  titration  should  not 
exceed  three  or  four  minutes. 

Since  the  method  of  precipitation  is  faulty,  proof  of  the  ^itire  accuracy  of 
this  titration  procedure  could  not  be  shown  by  titration  of  precipitations  from 
potash  solutions,  but  the  writer  has  been  able  to  establish  it  in  another  way. 
This  reaction  and  precipitate  seem  especially  designed  for  the  detection  and 
estimation  of  cobalt,  and  in  a  paper  to  appear  later  the  writer  will  present 
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a  qualitative  test  so  sensitive  that  one  part  of  cobalt  in  twenty  million  of  water 
can  be  detected.  A  perfect  precipitation  of  cobalt  is  easily  attained,  and  its 
amount  is  capable  of  estimation  by  means  of  permanganate;  hoice,  witb  this 
source  of  error  ^itirely  eliminated,  if  there  occurred  any  noticeable  deviations 
the  trouble  would  manifestly  lie  in  the  method  of  titration.  A  large  number 
of  successive  titrations  has  shown  that  the  deviation  is  exactly  the  same  as 
that  between  successive  titrations  of  oxalic  acid  by  permanganate;  h^ice  no 
error  is  introduced  by  the  use  of  a  small  volume  of  water  and  the  addition  of 
sulphuric  add  before  heating. 

Attempted  Improvement  of  Pbboipitatioit. 

It  must  be  confessed  at  the  outset  that  up  to  the  present  the  effort  to  secure 
a  satisfactory  substitute  for  the  evaporation  procedure  has  not  been  altogether 
successful,  but  some  lines  of  attack  have  proved  encouraging,  and  ultimate 
success  appears  not  improbable.  The  writer  has  previously  shown  that  when 
the  reagent  is  added  to  a  potash  solution  and  the  precipitation  allowed  to  stand 
overnight  without  heating  the  amount  of  potash  recovered  varies  with  the  time 
of  standing  and  the  concentration  of  the  original  solution.  The  introduction  of 
ethyl  alcohol,  in  addition  to  throwing  down  a  precipitate  too  finely  divided  to 
allow  of  proper  washing,  gives  unreliable  results.  Heating  such  a  solution  is 
entirely  inadmissible,  as  the  precipitate  is  partially  decomposed  in  this  way. 

The  substitution  of  acid-alcohol  (one  part  95  per  cent  alcohol,  one  part  glacial 
acetic  acid)  for  alcohol  as  an  accelerator  of  precipitation,  as  recently  described 
by  the  writer,  gives  a  better  texture  of  precipitate,  but  the  results  are  no 
improvement  over  those  obtained  by  the  evaporation  procedure.  A  quantity  of 
pure,  dry  sodium  cobalti-uitrite  was  obtained,  and  a  number  of  trials  was  given 
it  A  sufiiclent  amount  was  dissolved  in  water  to  make  a  reagent  equivalent  to 
that  prepared  hi  the  regular  way,  and  acetic  acid  was  added  in  like  amount 
As  thus  made  up  the  reagent  gave  results,  both  by  the  evaporation  and  the 
acid-alcohol  procedures,  that  were  extremely  irregular,  although  almost  invari- 
ably too  low.  Later,  however,  with  a  different  formula  for  the  reagent,  results 
of  considerable  promise  were  secured,  which  will  be  descrit>ed. 

From  the  action  of  boiling  solutions  of  cobalt  salts  on  the  yellow  precipitate 
it  appeared  that  an  investigation  of  their  behavior  in  the  cold  would  be  desir- 
able, and  qualitative  studies  were  made  which  gave  results  both  helpful  and 
convincing.  The  most  favorable  condition  for  throwing  down  a  perfect  pre- 
cipitate is  when  there  is  a  large  excess  of  potassium  salt&  Nearly  although 
not  altogether  as  desirable  is  a  well  defined  excess  of  sodium  nitrite,  while  the 
presence  of  a  large  excess  of  cobalt  is  a  very  decided  detriment  The  formation 
of  sodium  cobalti-nitrite  demands  very  little  formality ;  whenever  sodium  nitrite 
is  added  to  a  solution  of  a  cobalt  salt  and  acetic  acid  this  reagent  is  formed^ 
no  matter  what  the  ratio  of  cobalt  to  sodium  nitrite,  and  there  is  no  necessity 
for  adding  enough  cobalt  to  combine  with  all  the  sodium  nitrite  used.  When 
the  amount  of  cobalt  is  but  slightly  in  excess  of  that  required  for  complete 
precipitation  of  the  potash  a  much  better  precipitate  is  secured  than  wh^i  it 
is  in  large  excess.  In  fact,  with  certain  excesses  of  cobalt  no  yellow  precipitate 
is  obtained,  but  a  small  amount  of  a  gray  one,  while  with  a  greater  excess  pre- 
cipitation does  not  occur  at  all.  The  conclusion  can  not  be  escaped  that  here 
tofore  a  grave  error  has  been  made  by  having  too  much  cobalt  present  during 
precipitations. 

There  are  several  pohits  of  importance  regarding  manipulation  which  it 
would  be  well  to  have  in  mind  before  discussing  the  behavior  of  reagents  of 
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yarloos  kinda  In  all  cases  except  one  (to  be  described  later)  it  has  been 
found  best  to  place  the  potash  solution  in  a  beaker,  most  conveniently  of  250  cc 
size,  and  evaporate  until  only  enough  solution  remains  to  moisten  the  bot- 
tom thoroughly.  After  cooling,  and  before  the  reagent  is  added,  the  solution  is 
whirled  around  so  as  to  moisten  every  place  where  dried  salts  are  visible. 
Precipitating  in  a  beaker  has  the  advantage,  for  volumetric  work,  that  the 
asbestos  and  precipitate  are  thrown  back  into  it,  and  it  is  unnecessary  to  remove 
what  adheres  to  the  walls. 

It  has  seemed  the  best  iHractice  to  add  the  reagent  very  slowly,  with  constant 
agitation  of  the  solution  in  the  beaker.  Decidedly  higher  results  are  secured 
if  the  reagent  is  added  suddenly  and  agitation  carried  out  afterward.  If  acid- 
alcohol  or  any  other  accelerator  is  added  it  should  be  allowed  to  wash  down 
the  sides  of  the  beaker,  accompanied  by  frequent  agitations.  It  is  well  to 
allow  a  precipitation  to  stand  about  five  minutes  before  adding  an  accelerator. 
After  a  precipitate  has  been  filtered  it  should  be  titrated  as  soon  as  possible, 
since  a  long  delay  produces  a  loss  of  potash.  The  entire  method  possesses  the 
merit  that  it  can  be  carried  out  with  ease  and  accuracy  in  artificial  light 

In  harmony  with  conclusions  from  the  qualitative  tests  previously  described, 
several  reagents  were  now  prepared  which  contained  but  a  small  amount  of 
cobalt,  computations  showing  that  about  one-toith  as  much  as  usually  em- 
ployed should  be  sufllcient  Of  the  many  prepared,  only  two  (numbered  5 
and  7  of  the  series)  were  finally  deemed  promising  enough  to  Justify  further 
work.  In  addition  to  those  that  fkiled,  mention  should  be  made  of  cobalt 
nitrite,  with  which  it  was  hoped  to  obtain  the  precipitate  tri-potassium  cobalti- 
nitrite,  but  which  gave  very  poor  resulta  In  the  preparation  of  these  reagents 
the  potassium  present  as  an  impurity  in  the  sodium  nitrite  precipitates  out, 
and  must  be  filtered  off.  It  should  be  noted  that  to  a  greater  or  less  degree  all 
cobalt  salts,  especially  if  in  contact  with  acetic  acid,  are  affected  by  light, 
and  hence  should  be  kept  in  the  dark.  The  fact  must  also  be  borne  in  mind 
that  asbestos,  no  matter  how  carefully  purified  nor  how  free  from  organic 
matter,  takes  up  a  definite  amount  of  permanganate,  which  must  be  allowed 
for.  The  same  asbestos  may  be  used  over  and  over,  but  it  does  not  thereby 
lose  its  aflSnity  for  permanganate. 

Reagent  No.  5  is  prepared  as  follows:  Dissolve  1.9  grams  of  dry  sodium 
cobalti-nitrite  and  19.8  grams  of  sodium  nitrite  in  water,  allow  to  stand  for 
one  hour,  filter  to  remove  the  precipitate  which  settles,  and  make  up  to  100  cc 
By  observing  the  precautions  regarding  manipulation  previously  described 
a  number  of  procedures  involving  this  reagent  have  giv^i  very  fkir,  although 
not  entirely  uniform  results.  These  procedures  are:  (1)  Slow  addition  of  the 
reagent  to  a  potash  solution ;  (2)  additipn  after  introducing  1  cc  of  glacial  acetic 
acid;  (3)  addition  of  the  reagent  followed  by  10  cc  acid-alcohol;  and  (4) 
addition  preceded  by  1  cc  of  acetic  acid  and  followed  by  10  cc  of  acid-alcohol. 
Standing  for  some  time,  usually  from  fifteen  minutes  to  two  hours,  is  required 
to  give  a  complete  precipitation.  Precipitates  secured  in  these  ways  are  in 
general  of  excellent  texture,  and  give  no  trouble  in  filtering  and  washing. 

Some  very  promising  results  were  also  obtained  by  evaporating  the  potash 
solution  down  to  about  5  cc  and  adding  10  cc  of  acid-acetone  (one  part  acetic 
acid,  one  part  acetone),  followed  as  usual  by  10  cc  of  reagent  No.  5.  An 
extremely  good  precipitation  results,  and  filtering  and  washing  is  very  rapid, 
but  results  are  usually  a  little  high.  Very  little  time  could  be  devoted  to  this 
procedure,  but  it  is  worthy  of  further  attention. 
33547'*— BulL  152—12 4 
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Beagent  No.  7  is  prepared  as  follows:  Dissolve  1.1  grams  of  cobalt  nitrite 
and  10.8  grams  of  sodium  nitrite  in  water,  allow  to  stand  for  some  time,  filter 
ofP  the  muddy  brown  precipitate,  and  make  to  100  cc.  Some  good  results  were 
obtained  with  this  reagent  by  the  use  of  procedures  2,  S,  and  4  above. 
Further  attention  is  Justified  in  this  case  also,  as  there  are  many  very  good 
points  about  the  reagent 

Lack  of  time  has  prevented  exhaustive  tests  of  the  many  possibilities  offered 
by  these  reagents,  but  it  seems  probable  that  some  of  the  procedures,  or 
methods  evolved  from  them,  will  ultimately  prove  successful.  More  detailed 
information  regarding  any  of  the  points  in  this  paper  will  be  gladly  furnished 
by  the  writer,  and  it  is  hoped  that  in  it  may  be  found  some  facts  that  may 
prove  of  aid  to  those  interested  in  the  development  of  the  cobalti-nitrite  method 
for  potassiunu 


REPORT  ON  SOILS. 

By  J.  G.  LiPMAN,  Referee,  and  Q.  S.  Fbaps,  Associate  Referee. 

The  referee  on  soils  for  1011  was  instructed:  (1)  To  investigate  the  subject 
of  a  more  accurate  method  for  humus  determinations.  (2)  To  make  further 
studies  of  the  modified  cobalti-nitrite  method.  (3)  To  continue  the  study  of 
methods  for  the  quantitative  estimation  of  soil  acidity. 

In  accordance  with  these  instructions  the  work  on  humus  determinations  was 
undertaken  by  the  associate  referee,  and  the  results  secured  are  included  in  this 
report 

The  work  on  methods  for  estimating  soil  acidity  could  not  be  carried  out  in 
any  satisfactory  manner  because  of  the  lack  of  exact  and  reliable  working 
methods.  The  referee  on  soils  was  led,  therefore,  to  test  out  certain  bacterio- 
logical soll-acldity  work.  Since  investigation  has  not  been  carried  sufficiently 
far  to  draw  final  conclusions,  a  report  of  progress  is  herewith  presented,  and 
it  is  hoped  that  additional  data  will  be  secured  for  the  consideration  of  this 
association. 

/.  BACTERIOLOGICAL  METHODS  FOR  THE  ESTIMATION  OF  SOIL 

ACIDITY. 

By  J.  G.  LiPM AN. 

As  the  culture  medium  for  a  host  of  bacteria  and  of  other  microorganisms 
the  soil  must  possess  a  suitable  reaction.  If  this  condition  is  met  the  desirable 
changes  will  proceed  normally.  The  organic  matter  will  undergo  rapid  decom- 
position, ammonia  and  nitrates  will  be  produced,  and  carbon  dioxid  will  be 
evolved  in  sufficient  amounts  to  provJde  for  the  transformation  of  relatively 
inert  mineral  compounds  into  available  plant  food.  Moreover,  a  suitable  reac- 
tion will  make  possible  the  fixation  of  nitrogen  by  symbiotic  and  nonsymbiotic 
bacteria  (azo-bacteria),  and  the  economical  utilization  of  legumes  for  increas- 
ing the  store  of  combined  nitrogen  in  the  soil.  On  the  other  hand,  increasing 
acidity  win  retard  more  and  more  the  fermentative  changes  in  the  soil,  and  the 
bacteria  themselves  will  dwindle  in  numbers.  Finally  the  soil  may  become 
unfit  for  the  natural  growth  of  higher  and  lower  plants  and  will  cease  to  yield 
profitable  harvesta 
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Recognising  these  f^cts  in  an  empirical  way,  farmers  In  many  lands  have 
adopted  the  practice  of  applying  various  kinds  of  lime  and  marl  at  more  or 
less  regular  intervala  Such  applications  serve  to  neutralise  the  organic  acids 
that  tend  to  accumulate  in  cultivated  land.  In  this  manner  the  reaction  of 
the  soil  is  not  allowed  to  become  too  acid  for  the  activities  of  the  desirable 
bacteria.  However,  the  farmer  is  often  at  a  loss  to  know  the  exact  or  evmi 
approximate  amount  of  lime  required  for  his  land.  Excessive  applications  are 
not  desirable,  since  they  needlessly  increase  the  cost  of  crop  production  and 
may  lead  to  too  rapid  dissipation  of  the  store  of  soil  nitrogen. 

Hence  the  farmer  finds  himself  obliged  to  bivoke  the  aid  of  the  soil  chemist 
in  determining  the  lime  requirements  of  his  land.  Unfortunately,  however,  the 
chemist  is  not  in  a  pofidtion  to  supply  the  desired  information.  The  methods  at 
his  disposal  for  estimating  soil  acidity  are  crude  and  unreliable,  as  shown  by 
the  experience  of  members  of  this  association.  It  is  for  this  reason  that  the 
referee  on  soils  was  instructed  to  make  further  study  of  promising  methoda 
In  searching  for  methods  that  might  prove  more  accurate  than  those  already 
tested,  it  occurred  to  him  to  utilize  the  soil  bacteria  themselves  as  indicators  of 
soil  reaction.  Since  such  common  organisms  as  B.  mycaides,  B,  suhtUis,  Azoto- 
bacter,  etc.,  are  sensitive  to  changes  in  the  reaction  of  the  medium,  it  was  not 
difficult  to  devise  a  bacteriological  method  for  the  quantitative  estimation  of 
soil  acidity.  The  basis  for  a  method  of  this  sort  may  be  found  in  the  following 
fticts:  • 

(1)  Organisms  like  B.  mycaidea  fail  to  produce  characteristic  growth  in 
nutrient  bouillon  when  the  medium  has  an  acidity  greater  than  2  per  cent 

(2)  Additions  of  acid  soil  to  neutral  or  slightly  acid  bouillon  may  increase 
the  acidity  of  the  medium  so  as  to  prevent  the  characteristic  devel(^»nent  of 
the  organisms. 

(3)  By  adjusting  the  quantity  of  soil  necessary  to  modify  the  reaction  of 
the  medium  the  acidity  of  the  soil  itself  may  be  determined. 

In  accordance  with  these  facts  10  cc  portions  of  nutrient  bouillon  were  placed 
in  test  tubes  together  with  varying  quantities  of  soil  corresponding  to  0.5  gram, 
1  gram,  2  grams,  5  grams,  and  10  grams.  The  tubes  were  then  plugged,  steri- 
lized, cooled,  and  inoculated  with  B.  myoaides.  It  was  found  that  the  smaller 
quantities  of  soil  exercised  a  depressing  effect,  and  that  the  larger  quantities 
of  soil  entirely  stopped  the  growth  of  the  bacteria.  A  considerable  number  of 
soil  samples  was  thus  tested,  and  fairly  concordant  results  were  secured.  It 
soon  became  evident,  however,  that  the  depressing  eiTect  of  the  soil  might  have 
been  due  to  factors  other  than  acidity.  This  belief  was  strengthened  by  the 
common  knowledge  that  soil  sterilized  by  heat  may  for  a  time  become  unfit  for 
bacterial  growth.  Hence  a  quantity  of  soil  was  sterilized  by  being  kept  in  con- 
tact with  05  per  cent  alcohol  for  some  hours.  It  was  then  gently  heated  to 
drive  off  the  excess  of  alcohol  and  placed  in  test  tubes  containing  sterilized 
bouillon.  The  contents  of  the  test  tubes  were  inoculated  with  B.  mycaides. 
Similar  quantities  of  alcohol-sterilized  soil  were  placed  in  test  tubes  containing 
a  solution  of  mannite  and  mineral  salts  and  inoculated  with  Azotobacter. 
Characteristic  growths  occurred  in  most  of  the  tubes,  and  the  dei^eaaing  effects 
of  soil  acidity  became  particularly  apparent  in  the  mannite-soil  cultures  inocu- 
lated with  Azotobacter. 

Since  this  is  only  a  report  of  progress,  no  attempt  will  be  made  to  quote 
figures.  It  should  be  added  here,  however,  that  the  toxic  substances  produced 
in  sterilizing  soil  are  partly  or  wholly  neutralized  by  addition  of  calcium  car- 
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bonate  prior  to  sterillsatioii.  Hence  the  proposed  method  may  be  modified  in 
that  the  quantity  of  the  bouillon  and  soil  used  may  be  kept  constant.  On  the 
other  hand,  variable  amounts  of  calcium  carbonates  may  be  added  and  the 
effect  on  the  bacteria  noted.  The  data  thus  far  secured  seem  to  indicate  that 
a  simple  and  accurate  method  could  be  devised,  perhaps,  in  accordance  with 
the  facts  noted.  For  this  reason  it  seems  desirable  to  continue  the  work  in 
accordance  with  the  suggestions  here  outlined. 

//.  REPORT  ON  HUMUS. 
By  G.  S.  FRAPS. 

At  the  request  of  Dr.  Lipman,  referee  on  soils,  the  writer  consented  to  under- 
take the  work  on  humus  and  prepare  a  report  on  it  The  work  of  the  year  was 
confined  to  a  study  of  the  methods  for  preparing  a  solution  as  nearly  as  pos- 
sible free  from  soil  particles.  This  appears  to  me  to  be  at  present  the  most 
important  part  of  the  problem.  The  method  of  preparing  the  humus  solution 
is  also  of  importance  and  should  be  subjected  to  study. 

The  following  instructions  were  sent  out  to  those  who  had  expressed  a  will- 
ingness to  cooperate: 

DiBECTIONS  FOB  HUMUS  WOBK,   1911. 

Bamples. — ^Three  samples  of  soil  are  sent  The  sample  should  be  mixed 
thoroughly  before  any  portion  is  taken  for  analysis. 

Wofk  outlined. — ^At  present  the  most  important  point  in  the  humus  estimation 
is  the  elimination  of  the  clay.  We  have,  therefore,  selected  two  methods  for 
removing  the  clay  for  test.  The  method  of  solution  is  not  official,  but  should 
give  concordant  results  and  is  used  for  convenience. 

Preparation  of  solution, — ^Digest  20  grams  of  the  soil  for  five  hours  with 
400  cc  of  fifth-normal  hydrochloric  acid.  Filter  on  a  fiuted  filter  and  wash 
thoroughly.  CJover  and  allow  to  drain  overnight  Measure  out  1,000  cc  of  4 
per  cent  ammonium  hydroxid  (1  cc=11.55  cc  fifth-normal  hydrochloric  acid), 
and  wash  the  soil  into  a  glass-stoppered  bottle,  digest  for  twenty-four  hours 
with  shaking  every  hour  during  the  working  day,  and  let  settle  twenty-four 
hours.  Decant  about  800  cc  through  a  folded  filter  into  a  dry  glass-stoppered 
bottle  and  use  aliquots  of  the  solution  for  analysis.  Shake  the  bottle  well  before 
withdrawing  portions  for  analysis. 

(a)  Official  method, — Evaporate  100  cc  to  dryness  in  a  platinum  dish,  dry 
for  four  hours  in  a  boiling-water  oven,  and  weight  Ignite  and  weigh  again« 
Report  loss  on  ignition  and  ash. 

(6)  MooerS'Hampton  method. — Bvaporate  100  cc  to  dryness  In  a  porcelain 
dish  and  heat  for  two  hours  on  a  water  bath.  Take  up  with  five  or  more  suc- 
cessive portions  of  about  20  cc  each  of  4  per  cent  ammonium  hydroxid  and 
decant  into  another  dish.  Evaporate  again,  heat  as  before^  take  up  with 
ammonium  hydroxid,  filter  into  a  platinum  dish,  and  wash.  Bvaporate  the 
filtrate  to  dryness  and  complete  as  in  method  (a). 

(c)  Rather  method, — ^Piace  130  cc  in  a  glass-stoppered  cylinder  and  add 
0.66  gram  of  ammonium  carbonate.  Allow  to  stand  overnight  filter  through 
a  dry  filter  into  a  dry  fiask,  and  measure  out  100  cc  for  evaporation  in  the 
platinum  dish.    Ck>mplete  as  in  the  ofllcial  method. 

Remarks, — ^Please  express  your  opinion  in  regard  to  the  three  methods  and 
give  us  the  benefit  of  any  other  observations  concerning  the  matter.  An  early 
report  will  be  appreciated. 

G.  S.  FRAPS,  Associate  Referee, 

College  Station,  Tew, 
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Results  of  the  Work. 

The  results  on  humns  are  reported  in  Table  1  and  those  on  humus  ash  in 
Table  2. 

Table  1. — Percentage  of  humus  in  soils. 


Sample  No.  1. 

Sample  No.  2. 

Sample  No.  3. 

Analyst 

OfBdal. 

Mooers 
and 

Hamp- 
ton. 

Rather. 

Official. 

Mooers 
and 

Hamp- 
ton. 

Rather. 

Official. 

Mooers 
and 

Hamp- 
ton. 

Rather. 

W.  T.  MoOeorge,  Hanoluln, 
Hawaii 

6.02 
6.30 
6.47 
6.00 
.93 
.84 
3.26 
5.43 
5.03 
4.40 
4.67 
4.73 
4.73 
5.62 
5.49 
6.02 
6.11 

0.76 
.83 
.67 
.66 
.76 
.74 
.74 

0.87 
.86 
.67 
.66 
.80 
.81 
.61 
.80 

ado 

.34 
.33 
.24 
.22 
.25 
.28 
.45 
.42 
.20 
.21 

a26 
.27 
.32 
.29 
.10 
.21 
.20 

0.27 
.28 
.32 
.22 
.27 
.31 
.14 
.24 

a46 
.61 
.33 
.24 
.22 
.22 
.32 
.31 
.35 
.26 
.26 
.24 
.24 
.37 
.37 
.38 
.35 

0.30 
.32 
.28 
.20 
.17 
.16 
.32 
.00 

*  **26* 
.27 
.27 
.26 
.30 
.33 
.20 
.24 

0.25 

N.  C.  Hamner,  Texas 

7.  B.  Rather,  Texas 

K.  W.  White,  Pennsylvania. 

O.  W.  Walker.  Minnesota... 
W.  B.  EUett,  Virginia 

.24 
.28 
.26 
.27 
.28 
.17 
.40 
.00 

C.  8.  Robinson,  Michigan 

.47 
.66 
.60 
.60 
.77 
.76 
.76 
.71 

.78 
1.02 
1.01 
.71 
.71 
.76 

.26 
.27 

.23 
.22 

.26 
.25 
.24 

.26 

H.  C.  McLean,  New  Jersey. . . 

.30 
.27 
.26 
.27 

.30 
.36 
.26 
.26 
.24 
.24 
.28 
.42 
.60 

.22 
.23 

.27 
.26 

E.VanAlstine,  Illinois 

6.03 
6.24 

i.07 
.06 

.67 
.73 

.24 
.16 

.io 

.14 

.34 
.30 

.40 
.46 

.26 
.28 

Table  2. — Percentage  of  humus  **ash'*  in  soUs. 


Sample  No.  1. 

Sample  No.  2. 

Sample  No.  3. 

Analyst 

Official. 

Mooers 
and 

Hamp- 
ton. 

Rather. 

Official. 

Mooers 
and 

Hamp- 
ton. 

Rather. 

Official. 

Mooers 
and 

Hamp- 
ton. 

Rather. 

W.  T.  McOeorge,  Honolulu, 
HaviMi 

34.00 
34.50 
37.01 
33.00 
.68 
.08 
24.88 
30.00 
38.03 
28.05 
28.83 
20.03 
20.11 
83.40 
33.18 
33.81 
34.61 

0.17 
.26 
.18 
.33 
.33 
.32 
.70 

0.14 
.14 
.47 
.24 
.27 
.30 
.16 
.28 

0.38 
.47 
.20 
.26 
.33 
.34 
.32 
.45 
.42 
.40 
.30 

ado 

.32 
.36 
.40 
.13 
.12 
.30 

a41 
.60 
.18 
.22 
.20 
.20 
.34 
.47 

1.16 
.60 
1.45 
L22 
.46 
.46 
1.20 
LOO 
L88 
L36 
L36 
L32 
L33 
L40 
L31 
L63 
L48 

a22 
.37 
.33 
.40 
.13 
.13 
.66 

*  ".'ii' 

.44 

.46 
.46 
.40 
.30 
.83 
.84 

a20 

N.  C.  Hamner,  Texas 

J.  B.  Rather,  Texas 

J.  W.  White,  Pennsylvania.. 

0.  W.  Walker,  Minnesota.. . . 
W.  B.  EDett,  Virginia 

.28 
.38 
.22 
.41 
.42 
.23 
.60 
.00 

C.  8.  Robinson,  Michigan.. . . 

.45 
.48 
.48 
.44 

.48 
.63 
.31 
.38 

.61 
1.00 
1.06 
.32 
.00 
.14 

.30 
.41 

.20 
.28 

.47 
.44 
.60 

.58 

H.  C.  McLean,  New  Jersey... 

.18 
.20 
.33 
.33 

.00 
.04 
.07 
.14 
.13 
.14 
.20 
.73 
.72 

.24 
.26 

.27 
.28 

. 

E.Van  A]8tlne,IIlinol8 

86.27 
35.50 

i.47 
1.16 

.44 

.27 

.37 
.34 

.27 
.30 

2.22 
2.11 

L12 
.06 

.46 
.61 
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BkMABKS  of  AlTALTSTB. 

W.  P.  Keily,  Honolulu:  The  determinations  reported  were  made  by  Mr. 
William  T.  McGeorge,  of  the  department,  who  comments  on  the  methods  as 
follows :  *'  Either  the  Mooers-Hampton  or  the  Rather  method  gave  satisfactory 
results,  both  as  regards  hnmus  and  hnmns  ash.  The  Rather  method  can  be 
worked  in  a  little  less  time  than  that  of  Mooers-Hampton.  but  either  is  satis- 
factory for  such  soils  as  these.  The  official  method  is  entirely  unreliable  witb 
heavy  clay  soils."  I  may  add  that  neither  the  Mooers-Hampton  nor  the  Rather 
method*  when  applied  to  such  soils  as  ours,  effects  a  complete  removal  of 
the  clay. 

N.  0.  Hamner,  Texan:  The  Rather  method  I  consider  best,  as  it  is  quickest 
and  gives  a  very  low  ash,  while  the  Mooers-Hampton  has  to  be  evaporated  at 
least  twice  and  the  residue  extracted  several  times ;  even  then,  in  my  Judgm^it, 
it  loses  a  part  of  the  hnmus  originally  extracted  from  the  soil  occluded  by  the 
clay.  The  agreement  between  the  Mooers-Hampton  and  Rather  methods  is  very 
satisfactory,  but  certainly  in  No.  4671  the  lime  was  not  all  extracted,  nor  was 
all  organic  matter. 

J,  B,  Rather,  Texas:  All  lime  was  not  r^noved  from  sample  No.  2  by  the 
acid.    Fresh  or  tested  ammonia  solutions  should  be  required. 

WUliam  Frear,  Pennsylvania:  The  results  obtained  by  the  first  three  methods 
reported  represent  as  exact  a  following  of  the  details  of  the  procedure  indi- 
cated by  you  as  was  possible.  Mr.  White  notes  that  in  No.  2  the  quantity  of 
carbonate  of  lime  was  so  great  that  it  neutralized  most  of  the  acid  used  for 
the  removal  of  calcium  and  magnesia  from  their  humic  combination  prior  to 
the  alkaline  treatment  Supplementary  to  the  results  by  your  methods  are 
duplicates  by  the  use  of  the  Ohamberland  tube  method.  This  gives  results 
more  closely  approaching  those  of  the  Mooers-Hampton  method  than  do  the 
results  secured  by  the  other  two  methods  named,  so  far  as  the  ash  constituents 
are  concerned,  although  in  the  case  of  samples  Nos.  2  and  3  the  ash  in  the 
Chamberland  filtrate  is  higher  than  the  Mooers-Hampton  method  yielded.  The 
same  is  true  of  the  organic  portion  of  the  filtrate  in  these  two  casea  [In  reply 
to  a  subsequent  letter,  Dr.  Frear  wrote:] 

I  note  your  comment  on  the  low  ash  report  by  Mr.  White.  Thereby  hangs  a 
detail.  Mr.  White  has  been  working  on  allied  questions  for  two  or  three  years 
and  has  endeavored  to  diminish  the  ash  by  awaiting  patiently  the  subsidence 
of  the  susp^ded  mineral  matter  prior  to  filtration.  Other  factors  In  the 
results  seem  not  to  have  been  materially  changed  by  this  practice,  but  the 
elimination  of  clay  as  a  source  of  Ignition  and  loss  has  been  largely  accom- 
plished. I  do  not  believe,  however,  that  this  method  would  solve  the  difficulty 
in  case  of  certain  soils,  such  as  the  Cuban  soils,  whose  behavior  led  me  a  decade 
ago  to  the  suggestion  for  the  need  of  improved  water-soluble  alkaline-humus 
method  to  eliminate  the  error  due  to  the  water  of  hydration  contained  in  the 
mineral  materials  taken  into  the  filtrate. 

Results  5]/  the  Chamberland  tube  method. 


Sample. 

Hmniis. 

Aah. 

No.  1. 

PereenL 
i     0.67 
\       .70 
i       -22 
\       -30 
i        -26 
I       -34 

PereenL 
0.26 
.26 
.23 
.24 
.16 
.17 

No.  2 

No.  8 

O,.  W.  Walker^  Minnesota:  In  making  the  determinations  for  humus  I  have 
carefully  followed  your  directions.  In  regard  to  the  preparation  of  the  solu- 
tion. It  would  seem  to  be  preferable  to  weigh  out  sample  of  soil  on  filter  and 
leach  with  hydrochloric-acid  solution  until  the  filtrate  gives  no  test  for  lime, 
as  I  find  that  unavoidably  clay  passes  through  the  filter  in  filtering  and  wash- 
ing as  you  direct.  Also  in  using  a  fiuted  filter  there  is  some  difficulty  in 
washing  free  from  soil  on  transferring  to  flask  for  treatm^it  with  ammonia 
solution. 
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As  to  the  three  methods  for  making  the  determination,  I  am  very  well  pleased 
with  the  Rather  method.  It  appeared  to  give  very  good  results  as  far  as  the 
removal  of  clay  is  concerned.  It  occurs  to  me,  however,  that  possibly  some  of 
the  humus  or  albuminous  matter  In  the  humus  might  be  precipitated  by  the 
ammonium  carbonate  along  with  the  clay.  On  the  whole,  it  appears  to  me  that 
the  Rather  method  is  an  excellent  modification  of  the  official  method,  and,  if 
adopted,  would  no  doubt  lead  to  more  accurately  comparable  resulta 

Along  with  the  results  obtained  by  the  methods  you  have  given,  I  have  tabu- 
lated the  figures  obtained  by  running  the  solution  in  a  centrifuge  at  the  speed 
of  approximately  l^GOO  revolutions  per  minute. 

ResiUta  ohtained  with  the  oentrifuge. 


Sample. 

Hmnos. 

Hmnos 
ash. 

No.  1 

Percent. 
2.91 
.23 
.24 

PercenL 
18.47 
.48 

.ft6 

No.  2 

No.  8 

C.  8.  iSoMfMon,  Michigan:  It  was  found'  that  after  standing  24  hours  there 
was  still  a  large  amount  of  day  suq;)ended  in  the  solution  to  be  used  for  analy- 
sis. The  effect  of  this  is  shown  in  the  amount  of  ash  in  samples  No&  1  and  3 
by  the  official  method,  which  uses  this  solution  directly  for  the  determination. 
In  both  cases  the  amount  of  ash  obtained  in  this  method  was  much  higher  than 
in  either  of  the  other  methods.  In  sample  No.  1,  which  gave  the  largest  amount 
of  suspended  matter,  the  humus  results  are  much  higher  than  the  results  with 
the  other  two  methods.  This  is  due,  in  all  probability,  to  the  driving  off  of  the 
moisture  from  the  ash.  On  the  other  hand,  while  the  quantity  of  ash  obtained 
by  the  official  method  in  sample  No.  3  is  approximately  three  times  as  great  as 
that  obtained  by  either  of  the  other  methods,  the  average  amount  of  humus  is 
less  than  that  obtained  by  the  Mooers-Hampton  and  Just  equal  to  that  obtained 
by  the  Rather  method.  This  may,  of  course,  be  accounted  for  by  the  assumption 
that  the  water-holding  capacities  of  the  two  kinds  of  ash  differed.  In  sample 
No.  2  the  supernatant  liquid  was  fairly  clear,  and  the  effect  of  the  ash  was  not 
80  marked. 

As  to  the  relative  merits  of  the  three  methods,  both  the  Mooers-Hampton  and 
Rather  methods  seem  to  be  preferable  to  the  official  method.  Between  the  first 
two  there  is  but  little  choice  though  the  Rather  method  requires  a  little  less 
time  on  the  part  of  the  operator. 

The  writer  is  of  the  opinion  that  a  considerable  error  may  have  been  intro- 
duced into  all  of  this  work  by  the  method  of  preparation  of  the  solution.  After 
filtering  the  soil  from  the  acid  solution  it  was  found  quite  difficult  to  remove  it 
from  the  filter  paper  without  either  contaminating  it  with  fibers  of  the  paper  or 
leaving  some  soil  on  the  paper.  It  would  seem  better  to  follow  the  official 
method  in  this  respect  or  to  follow  one  similar  to  that  which  has  been  in  use  in 
this  laboratory  for  some  time  in  the  volumetric  determination  of  phosphoric 
acid.  Bv  the  latter  method  the  soil  would  be  filtered  from  the  acid  solution 
throughnk  pad  of  ignited  asbestos  formed  on  a  perforated  porcelain  plate  placed 
in  a  common  glass  funnel.  When  the  soil  has  been  thoroughly  washed  the 
porcelain  plate,  asbestos,  and  sample  can  be  easily  transferred  to  a  wide- 
mouthed,  glass-stoppered  bottle  for  digestion  with  alkali.  This  prevents  any 
possibility  either,  of  losing  any  of  the  sample  or  of  adding  organic  matter  to  it 
from  the  filter  paper. 

H.  C,  McLean,  New  Brunswick,  y.  J.:  The  first  results,  in  each  case,  were 
obtained  before  becoming  accustomed  to  the  methods.  The  Rather  method 
seems  to  me  to  be  the  best,  as  it  is  short  and  eliminates  the  day  better  than 
the  Mooe,rs-Hampton  method.  The  results  seem  to  correspond  very  well  with 
the  Mooers-Hampton  method  also. 

J.  H,  Pettit,  Urhana,  III.:  Mr.  E.  Van  Alstine,  of  this  station,  has  done  this 
work.  He  has  no  particular  comment  to  make  upon  the  relative  value  of  the 
methods,  and  I  may  say  that  the  results  go  far  to  confirm  us  in  the  idea  that 
the  determination  of  humus  In  soils  is  extremely  unsatisfactory.  We  feel  that 
so  far  as  our  work  is  concerned  the  determination  of  one  definite  constituent  <ft 
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all  organic  matter,  as,  for  instance,  carbon,  is  a  much  better  indication  of  what 
the  soil  contain&  We,  of  course,  realize  that  the  perc^itage  of  carbon  varies 
in  organic  compounds,  and  that  the  relative  amounts  of  these  various  organic 
compounds  are  not  always  present  even  in  the  same  soil. 

CONCLITSIONS  Am)  RECOMMENDATIONS. 

The  presait  official  method  for  humus  is  very  inaccurate  on  some  soils,  on 
account  of  the  clay  carried  in  suspension.  Both  the  Mooers-Hampton  and  the 
Rather  methods  are  much  more  nearly  correct  The  Rather  method  is  more  rapid 
than  the  Mooers-Hampton.  The  centrifuge  method,  as  reported  by  Mr.  Walker» 
does  not  remove  the  ash.  The  subsidence  method,  tested  by  Mr.  White,  is  slow, 
and  I  am  inclined  to  think  with  Mr.  Frear  that  it  will  not  be  effective  on  some 
soils.  It  is  possible  that  in  the  Chamberland  tube  method,  tested  by  Mr.  White, 
some  humus  does  not  pass  through  the  tube. 

The  associate  referee  recommends  further  study  of  the  Rather  method  with 
a  view  to  its  adoption  as  an  official  method  by  this  association.  The  pres^it 
official  method  should  be  abandoned,  as  it  does  not  remove  all  the  clay. 

The  referee  then  presented  the  following  paper  on  behalf  of  the 
author: 


DETERMINATION  OF  CARBON  DIOXID  IN  SOILS. 
By  Leon  T.  Bowses. 

In  his  1909  report  ^  on  carbonates  in  soils  the  associate  referee  tentatively 
suggested  that  a  volumetric  method  for  the  purpose  would  be  desirable  and 
might  ultimately  be  found.  The  present  one,  at  that  time  in  an  advanced 
stage  of  development,  has  since  been  perfected  to  the  point  where  it  is  believed 
it  can  be  used  by  nearly  any  analyst  It  is  based  on  one  described  by  J.  C 
Mims,'  and  the  procedure  is  essentially  that  of  releasing  carbon  dioxid  by  means 
of  hydrochloric  acid,  absorbing  it  in  a  strong  alkaline  solution,  and  measuring 
its  amount  by  titration  with  a  standard  acid. 

Absorption  is  accomplished  in  a  tower  especially  designed  to  meet  the  condi- 
tions No  preliminary  guard  tubes  are  necessary,  and  instead  of  rigidly  exclud- 
ing water  from  contact  with  the  potash  solution  it  is  the  practice  to  distill  over 
a  smaU  amount,  thus  insuring  the  mechanical  carrying  over  of  residual  carbon 
dioxid  along  with  the  water  vapors.  Estimation  of  the  amount  of  carbon  dioxid 
absorbed  is  accomplished,  as  before  stated,  by  titration  with  a  standard  acid. 

Previous  to  titration  the  absorbent  solution  contains  a  mixture  of  potassium 
hydroxid  and  carbonate.  In  titrating  with  an  acid,  using  phenolphlluilein  as 
indicator,  disappearance  of  the  pink  color  marks  the  point  at  which  all  hydroxid 
has  been  neutralized  and  the  normal  carbonate  has  been  converted  to  bicar- 
bonate, or,  in  other  words,  the  normal  carbonate  has  been  half  neutralized: 

K0H-fHCl=Ka-fH20 
K,CO.-fHCl=KHCO.-fKCl 

The  titration  being  continued,  after  adding  a  drop  of  methyl  orange,  appear- 
ance of  the  usual  acid  reaction  denotes  complete  neutralization  of  the  bicar- 
bonate : 

KHOO,+Ha=KCl+CO,+H,0 

^  U.  S.  Dept.  Agr.,  Barean  of  Chemistry  Bol.  182,  p.  80.  a  Ibid.,  BaL  66,  p.  156. 
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The  yoliiiDe  of  add  nsed  in  tills  latter  titration,  tben,  Is  Jnst  one-half  of  that 
required  to  release  all  the  carhon  dloxld  from  the  condition  of  a  normal  car- 
bonate. It  follows  that  1  cc  of  normal  acid  used  In  the  titration  betweoi  the 
two  end  points  Is  equivalent  to  0.044  gram  of  carbon  dloxld. 

The  form  of  apparatus  used  Is  shown  In  figure  2;  F  Is  a  flask  In  which  the 
carbonate  Is  decomposed  by  an  add,  which  Is  Introduced  through  a  small  sepa- 
ratory  funnel,  S,  or  the  substitute  shown  In  figure  2,  b.  The  condenser,  G,  Is 
so  constructed  that  the  Inner  tube  Is  quite  short  and  of  small  bore.  All  tubing 
used  In  the  apparatus,  except  the  body  of  the  tower,  Is  of  2  mm  Internal 
diameter,  which  allows  very  little  space  for  carbon  dloxld  to  collect  and  possibly 


?^ 


Fio.  2. — Apparmtufl  for  determination  of  carbon  dloxld  In  solliL 

escape  absorption.     Complete  details  of  the  construction  and  dimensions  of 
the  absorbing  tower,  T,  are  given  In  the  figure. 

A  suitable  amount  of  soil,  usually  about  10  grams,  Is  placed  In  a  100km: 
Brlenmeyer  fiask,  then  about  60  cc  of  water  Is  added.  The  apparatus  Is  con- 
nected up,  10  cc  of  absorbent  solution  (50  grams  of  potassium  hydroxld  In  100 
cc  solution)  pipetted  Into  the  tower,  and  suffldent  hydrochloric  add  Introduced 
through  S  to  decompose  all  the  carbonates  In  the  fiask.  With  very  effervescent 
soils  the  acid  Is  let  In  a  few  drops  at  a  time;  with  others  the  entire  amount  Is 
added  at  once.    After  active  effervescence  has  ceased  the  fiask  Is  heated,  taking 
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care  not  to  force  babbles  through  the  tower  too  ftist,  and  water  is  allowed  to 
distil  over  until  the  tower  is  nearly  filled. 

The  carbonated  solution  is  then  transferred  to  a  100km:  volumetric  fiask,  the 
tower  thoroughly  rinsed  into  the  fiask,  and  the  contents  of  the  latter  made  up  to 
volume.  A  25-cc  aliquot  is  pipetted  out  and  placed  in  a  250-cc  beaker.  A  few 
drops  of  phenolphthalein  are  added,  followed  by  10  to  15  cc  of  95  per  c^it 
alcohol,  then  acid  of  approximately  normal  strength  is  run  in  until  the  color 
begins  to  dim,  after  which  decinormal  acid  is  used  to  complete  the  discharge 
of  the  pink  color.  The  burette  reading  is  recorded,  a  drop  of  methyl  orange 
added,  and  the  titration  continued  to  the  usual  end  point  The  latter  burette 
reading  is  set  down,  and  after  subtracting  the  equivalent  of  carbon  dioxid  in 
the  reagents  the  difference  in  cubic  centimeters  between  the  two,  multiplied 
by  the  factor  0.0044  for  strictly  decinormal  acid,  gives  the  grams  of  carbon 
dioxid  in  the  aliquot,  from  which  the  percentage  in  the  original  sample  may  be 
easily  found.  The  amount  of  carbon  dioxid  in  the  reagents  is  ascertained  by 
a  blank  determination  carried  out  in  the  same  way  as  the  regular  one. 

Soils  containing  0.1  per  cent  or  less  of  carbon  dioxid  require  for  titration  an 
acid  of  a  strength  not  exceeding  fiftieth-normal,  since  when  stronger  ones  are 
used  the  carbon  dioxid  is  equivalent  to  but  a  fraction  of  1  cc  and  too  great  an 
error  is  thus  introduced.  An  occasion  may  arise  where  a  centinormal  acid  is 
demanded,  although  the  writer  has  never  encountered  such  a  case.  Bven  with 
fiftieth-normal  acid  much  care  is  necessary  in  observing  end  points,  and  the 
use  of  comparison  solutions  is  advisable. 

It  is  probable  that  the  titration  will  be  found  the  most  difficult  point  in  the 
use  of.  the  method.  Ordinarily  the  phenolphthalein  end  point  is  supposed  to 
give  no  trouble,  but  it  is  very  apt  to  do  so  nevertheless.  The  writer  has  dis- 
covered that  the  addition  of  a  small  volume  of  ethyl  alcohol,  after  introducing 
phenolphthalein,  totally  eliminates  all  such  difficulties,  but  without  this  pre- 
caution it  is  improbable  that  a  satisfactory  end  point  can  be  secured.  During 
this  part  of  the  titration  the  solution  should  be  kept  rotating  vigorously,  since 
any  local  excess  of  acid  would  carry  the  reaction  on  to  the  point  of  r^easing 
carbon  dioxid  from  the  bicarbonates  in  the  immediate  vicinity. 

In  the  addition  of  methyl  orange  not  more  than  one  drop  should  be  added  to 
25  cc  of  the  carbonated  solution.  When  this  amount  is  used  the  change  of 
color  is  quite  easily  noted,  but  the  presence  of  larger  quantities  renders  the 
observation  a  matter  of  difficulty.  The  end  point  to  observe  Is  when  the  clear 
lemon  yellow  of  the  alkaline  solution  becomes  a  shade  darker  from  the  admix- 
ture of  the  pink  of  the  acid  reaction  Just  beginning  to  take  place.  When  the 
acid  used  for  titration  is  no  weaker  than  decinormal  the  color  change  is 
plainly  noticeable,  but  with  acids  more  dilute  it  is  advisable  to  have  at  hand 
a  comparison  solution  of  the  same  tint  as  the  titrated  solution  when  alkaline, 
and  the  slightest  difference  of  color  is  then  easily  noted  in  a  good  light  Even 
thus^  a  considerable  amount  of  care  must  be  exercised  should  an  acid  as  dilute 
as  hundredth-normal  be  in  use,  but  even  this  end  point  is  distinguished  with 
accuracy. 

The  very  best  of  results  were  obtained  on  chemically  pure  carbonates  by  this 
m.ethod,  but  for  the  present  paper  only  the  results  on  soils  will  be  giv«i.  As 
a  preliminary  experiment  two  determinations  were  made  on  a  sort  of  artificial 
soil  containing  a  known  amount  of  carbon  dioxid.  A  very  pure  sea  sand  was 
ignited  for  some  time  to  remove  all  organic  matter  and  decompose  such  cal- 
cium carbonate  as  might  be  present  This  was  cooled  and  to  a  weighed  portion 
was  added  enough  analyzed  calcium  carbonate  to  give  exactly  0.05  per  cent 
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of  carbon  dlozld.  A  blank  determination  was  first  made  on  the  water,  reagents, 
and  freshly  ignited  sand,  then  two  determinations  were  carried  out  on  the  arti- 
ficial solL  The  blank  first  obtained  was  deducted  from  the  titration  results, 
and  the  carbon  dloxid  was  calculated  from  the  difference.  The  determinations 
gave  0.043  and  0.048  per  cent  carbon  dioxld,  an  average  of  0.0455  as  against 
the  0.05  per  cent  actually  present,  which  seemed  very  satisfttctory. 

There  was  available  a  quantity  of  each  of  the  two  samples  sent  out  for  the 
1909  association  soil  work,  and  advantage  was  taken  of  the  fact  to  compare  this 
method  with  the  gravimetric  one.  Four  determinations  were  made  on  each 
of  these  soils,  under  conditions  parallel  to  those  used  by  the  association  work- 
ers, and  the  results  are  given  In  the  table,  accompanied  by  a  comparison  with 
the  figures  obtained  by  the  gravimetric  method.  The  averages  given  In  the 
association  report  are:  Soil  1,  0.081  per  cent;  soil  2,  0.027  per  cent  carbon 
dloxid,  but  these  Include  the  results  of  only  five  analysts,  two  others  reporting 
too  late  to  be  considered.  For  the  present  comparison  all  of  the  results  are 
taken  Into  account,  giving  the  averages  as  shown. 

Comparison  of  averoffea  &y  the  volumetric  and  the  association  (ffravimetrio) 

methods. 


Method. 

SoUl. 

Sous. 

Volnm^tHo  method 

0.080 
.077 
.075 
.084 

0.026 

.031 
.031 
.038 

AvCTBg©  for  volnmfltric  method 

.079 
.078 

.028 

Average  for  association  (gravimetric)  method 

.028 

The  agreement  between  the  revised  association  averages  and  the  volumetric 
method  is  very  close,  and  shows  that  the  latter  Is  thoroughly  reliable.  On  the 
score  of  consistent  results  the  volumetric  method  Is  decidedly  superior  to  the 
gravimetric,  the  variations  between  duplicates  being  only  about  one-third  as 
great. 

Equally  favorable  results  have  been  secured  on  routine  samples,  and  no 
dlfOculty  has  ever  been  experienced  in  getting  good  duplicates.  The  writer 
believes  that  a  thorough  trial  of  the  method  by  the  association  will  show  that 
It  Is  very  accurate,  that  the  results  are  uniformly  concordant,  the  manipula- 
tion Is  simple,  and  the  apparatus  easily  constructed  and  not  In  the  least 
fragile.  These  advantages,  coupled  with  the  f^ct  that  there  are  very  few 
precautions  to  be  observed,  should  make  It  of  great  service  In  soil  analysl&  A 
more  detailed  description  of  the  method  and  the  results  secured  by  It  will 
appear  a  little  later  In  one  of  the  periodicals. 


NOTE  ON  POT  EXPERIMENT  SHOWING  GAINS  IN  NITROGEN  WHEN 
CERTAIN  LEGUMES  WERE  GROWN. 

By  B.  L.  Habtwell  and  F.  R.  Pembeb. 

The  following  table  shows  the  net  gain  In  nitrogen  per  pot  12  Inches  In 
diameter  during  a  five-year  pot  experiment  in  which,  without  nltrogenotis 
manuring,  the  legumes  mentioned  below  were  grown  each  summer  and  har- 
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vested ;  whereas,  in  the  winter,  vetch  was  grown  in  the  greoihoase  in  all  the 
pots  and  mixed  with  the  soil  at  blossoming  time: 


I. 

n. 

m. 

Per 

IV. 

V. 

Nitro- 

gen In 

Nitro- 

cent of 

Name  of  crop. 

Pot 

num- 
ber. 

soQat 
the 

"X: 

(The 
varia- 
tion 
Is  due 
to  dif- 
ferent 

gen  In 
soil  at 
b^- 
nin£ 
andm 
added 
seeds 
and- 
water/ 
not  In- 

Oven- 
dry 
crops 

re- 
moved 
in  five 
years. 

Aver- 
age per 
cent  of 
nitro- 
gen in 

the 
same. 

Nitro- 
gen in 
the 
aerial 
portion 
of  the 
sum- 
mer 
legumes 

re- 
moved. 

nitro- 
sen  in 
dry  fine 
soil  at 

end 
(0.1502 

per 
cent 
at  the 
begin- 

Nitro- 
gen in 
son  at 
end  of 
theflve^ 

year 
period. 

Nitro- 
gen in 
soil  at 
end  and 
incrojM 

re- 
moved 
(IV4. 

ni). 

Net 
gain  in 
nitro- 
gen dur- 
ing the 
experi- 
ment 
(V-n). 

propor- 
tions 

cluding 
that  in 

ning). 

ofneb- 
bles.) 

vetch. 

Qranu. 

Onnu. 

OrafM. 

P.rt. 

ChramM. 

P.  ct. 

Onmt. 

Onmt. 

Qnmt. 

Soybean 

«2 

30.20 
29.43 

35.68 
34.91 

346 
351 

3.10 
3.07 

10.73 
10.76 

0.1994 
.1992 

40.10 
39.03 

50.83 
49.79 

15.15 

14.88 

3 

29.43 

34.91 

362 

3.10 

11.22 

.1996 

89.08 

50.30 

15.39 

4 

30.01 

35.50 

857 

3.10 

11.07 

.1967 

89.30 

50.37 

14.87 

AdmkI  bean 

5 
«6 

29.33 
29.89 

32.23 
32.79 

190 
203 

2.58 
2.24 

4.91 
4.55 

.1887 
.1913 

86.85 
38.07 

41.76 
42.62 

t9.58 

■  9.83 

7 

27.61 

30.58 

314 

2.06 

6.54 

.1906 

85.04 

41.58 

11.00 

18 

29.58 

82.54 

296 

2.28 

6.76 

.1961 

88.62 

45.38 

12.84 

Cowpea 

13 
114 

28.45 
29.08 

31.22 
31.85 

452 
436 

2.67 
2.79 

12.05 
12.17 

.1962 
.1939 

87.16 
87.56 

49.21 
49.72 

17.99 

17.87 

15 

27.55 

30.30 

418 

2.78 

11.63 

.1919 

85.20 

46.83 

16.53 

«16 

28.34 

31.10 

436 

2.79 

12.18 

.1955 

86.80 

49.07 

17.97 

1  Received  an  extra  amount  of  phosphorus  in  the  manures. 
>  Received  an  extra  amount  of  potassium  in  the  manures. 
*  The  crop  was  abnormal  in  1909,  owing  to  ii^ury  firom  nematodes. 

NoTE.--On  an  area  basis,  to  calculate  from  the  grams  per  pot  to  pounds  per  acre,  multiply  by  122.4. 


RBPORT  ON  INORGANIC  PLANT  CONSTITUENTS. 
By  O.  M.  Shedd,  Referee. 

The  cooperative  work  on  this  subject  during  the  present  year  has  consisted 
in  a  comparison  of  two  methods  for  the  separation  of  ferric  and  aluminic 
oxids  in  an  ash  solution. 

The  customary  letter  asking  for  cooperation  was  sent  to  the  Tarious  stations 
in  January,  and  favorable  replies  were  received  from  21  analysts,  who  ex- 
pressed a  desire  to  assist  in  the  work.  To  them  the  directions  and  samples 
were  sent  in  February,  and  results  have  been  received  from  10,  who  have  com- 
pleted all  or  some  part  of  the  work  as  requested. 

Composition  of  Sample. 

The  sample  sent  out  was  a  osmthetic  hydrochloric  acid  solution  of  an  ash 
and  represented  an  ash  having  the  following  composition,  the  silica,  chlorin, 
and  carbon  dioxid  not  being  taken  into  account : 


Per  cent. 

K,0 40.00 

Na,0 8.00 

Cap 23.00 

MgO 10.00 

FeaOi 3. 00 


Per  cent. 

AljO. 2.00 

Mn,0« 1. 00 

P,0. 16.81 

SO. 0.50 
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The  iron  and  alnmlnum  used  In  this  solution  were  obtained  from  tested 
chemically  pure  iron  wire  and  sheet  aluminum.  The  other  chemicals  used 
were  chemically  pure  salts,  and  a  control  containing  all  except  the  iron  and 
aluminum  showed  that  neither  of  them  was  present 

MsTHODB  or  Analysis. 

The  methods  and  the  results  obtained  by  the  different  analysts  who  have 
cooperated  in  the  work  are  given  below. 

MOLTBDATK    METHOD  FOB  rSBBIC  AND   ALUMINIO   OXmS. 

Use  50  cc  aliquots,  corresponding  to  0.5  gram  of  ash,  for  the  determinatioi). 
If  there  is  ferrous  iron  present,  oxidize  by  boiling  with  a  few  cubic  centimeters 
of  hydrogen  peroxid.  Cool  the  solution,  add  ammonium  hydroxid  until  a  pre- 
cipitate begins  to  form,  then  nitric  acid  until  just  clear,  and  finally  add  about 
2  to  3  cc  of  concentrated  nitric  acid  in  excess.  Add  25  cc  of  ammonium  nitrate 
solution  (1:1)  free  from  phosphate,  heat  to  40*"  C,  and  precipitate  the  phospho- 
molybdate  by  adding  slowly,  with  constant  shaking,  a  moderate  excess  of  the 
official  nitric  acid  molybdate  solution. 

The  temperature  of  the  solution  should  not  at  any  time  exceed  40""  C,  as  a 
higher  temperature  has  a  tenden<^  to  precipitate  iron  and  aluminum  with  the 
phosphomolybdate. 

After  the  precipitation  is  made,  allow  the  solution  to  stand  for  an  hour  or 
two  at  40"*  C,  and  then  for  several  hours  at  room  temperature,  preferably  over- 
night. 9 

After  standing  for  an  hour,  make  sure  that  suflacient  molybdate  solution  has 
been  added  by  pipetting  5  cc  of  the  clear  solution  into  an  equal  volume  of  the 
warm  reagent  If  a  precipitate  forms,  the  test  portion  is  to  be  returned  and 
more  molybdate  solution  added.  Filter  and  wash  with  about  75  cc  of  am- 
monium nitrate  solution  (2.5  per  cent)  slightly  acidified  with  nitric  acid  and 
free  from  phosphate,  collecting  filtrate  and  washings. 

Do  not  concentrate  the  solution,  because  molybdic  acid  will  separate,  which 
will  vitiate  the  results,  but  cautiously  neutralize  it  in  a  beaker  with  ammonium 
hydroxid,  care  being  taken  that  the  temperature  does  not  rise  above  40""  G. 
and  that  the  alkali  is  added  only  in  very  slight  excess;  allow  to  stand  at  the 
above  temperature  until  the  precipitate  completely  settles.  Filter  the  clear 
supernatant  fluid,  wash  the  precipitate  a  couple  of  times  with  hot  water  by 
decantation  before  transferring  it  to  the  filter,  and  wash  four  or  five  times  on 
the  filter.  Dissolve  the  precipitate  through  the  filter  with  weak,  hot  nitric 
acid  (1:5),  wash  the  filter,  and  reprecipltate  in  the  same  careful  manner. 
The  same  filter  may  be  used  for  the  second  filtration  and  the  volume  of  the 
solution  for  the  reprecipltation  need  not  exceed  100  cc.  Before  the  second 
filtration  is  made  a  small  quantity  of  finely  divided  ashless  filter  paper  pulp 
is  added  in  order  to  facilitate  the  washing  and  to  leave  the  precipitate  finely 
divided  after  the  ignition  so  that  it  can  be  easily  fused  with  potassium  blsul- 
phate  for  the  iron  determination.  Dry  and  ignite  the  precipitate  and  weigh  as 
ferric  and  alumlnic  oxids. 

If  the  precipitate  has  been  treated  as  indicated  the  iron  oxid  can  be  readily 
determined  as  follows:  Fuse  it  with  about  4  grams  of  potassium  bisulphate, 
cool,  add  5  cc  of  concentrated  sulphuric  acid,  and  heat  to  boiling.  Transfer  to 
a  fiask,  add  water,  and  digest  until  all  sulphate  is  dissolved  and  the  solution 
is  clear.  Reduce  with  zinc,  cool,  and  titrate  with  a  fiftieth-normal  solution  of 
potassium  permanganate.    Make  blank  determinations  on  chemicals  used. 

If  it  is  desired  to  use  a  larger  amount  of  the  sample  for  the  iron  determina- 
tion a  suitable  aliquot  of  the  original  solution  can  be  taken  and  evaporated 
directly  with  sulphuric  acid,  reduced  with  zinc,  and  titrated  as  described. 

OXALATE  METHOD  FOB  FEBBIC  AND  ALUMINIO  OXIDS. 

Use  100  cc  (1  gram)  of  the  sample  and,  if  the  iron  has  not  been  already 
oxidized,  add  a  few  cubic  centimeters  of  hydrogen  peroxid,  boil  for  a  few 
minutes  to  oxidize  the  iron  and  expel  oxygen.  Add  ammonium  hydroxid  until  a 
precipitate  begins  to  form,  then  hydrochloric  add  until  Just  clear,  then  US 
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grams  of  powdered  ammonium  oxalate,  boil  gently  for  a  short  time,  «hiiiriTig 
occasionally  to  avoid  bumping.  Let  settle,  filter  and  wash  the  precipitated 
calcium  oxalate.  Ck)llect  the  filtrate  and  wash  water  in  a  500  cc  Kjeldahl 
flask,  add  5  cc  of  concentrated  sulphuric  acid,  and  evaporate  to  white  fumes  to 
destroy  excess  of  oxalic  acid.  (This  boiling  down  and  destruction  of  oxalic 
acid  can  be  done  in  20  minutes,  and  during  the  first  part  of  the  boiling  care 
should  be  taken  to  prevent  bumping,  which  can  be  avoided  by  adding  a  few 
small  pieces  of  scrap  platinum.)  Cool,  add  1  gram  of  ammonium  phosphate, 
50  cc  of  water,  and  5  cc  of  concentrated  hydrochloric  acid.  Boil  gently  a  few 
moments  to  dissolve  any  dehydrated  ferric  sulphate,  boiling  until  the  solution 
is  clear,  care  being  taken  that  the  volume  is  not  appreciably  reduced.  Rinse 
into  a  beaker,  make  up  to  about  150  cc  volume,  and  precipitate  the  iron  and 
alumina  as  phosphates  by  adding  ammonium  hydroxid  until  Just  alkaline,  just 
clearing  with  hydrochloric  acid,  and  then  adding  25  cc  of  ammonium  acetate 
solution  (sp.  gr.  1.04).  Or,  if  preferred,  the  solution  can  be  treated  as  in  the 
Kjeldahl  fiask  and  poured  in  a  thin  stream  into  the  acetate  solution,  using 
sufficient  water  in  the  rinsing  to  bring  the  total  volume  to  that  indicated  above. 
A  small  amount  of  finely  divided  ashless  filter  paper  pulp  is  added  to  the  phos- 
phates, in  order  to  facilitate  the  washing  and  to  leave  them  finely  divided  after 
the  ignition,  so  that  they  can  be  easily  fused  with  potassium  bisulphate  for 
the  iron  determination. 

Have  both  the  ammonium  acetate  solution  and  the  solution  containing  the 
phosphates  at  80**  C.  when  the  two  are  combined.  Heat  the  phosphates  for  10 
minutes  at  80**  0.,  filter,  using  suction,  and  wash  with  boiling  hot  ammonium 
nitrate  solution  (2.5  per  cent)  free  from  phosphate.  Carefully  ignite  the 
precipitate  without  removing  from  the  paper,  at  first  with  low  flame  until  the 
paper  is  charred,  gradually  increase  the  heat  until  all  of  the  carbon  is  gone,  and 
finally  blast  for  a  minute.  Deduct  the  iron  phosphate  present,  calculated  from 
the  iron  determination,  and  multiply  the  remainder  by  0.418  to  obtain  the 
alumina. 

If  the  precipitate  has  been  treated  as  indicated,  the  iron  oxid  can  be  readily 

determined  by  fusing  it  with  about  4  grams  of  potassium  bisulphate,  cooling, 

adding  5  cc  of  concentrated  sulphuric  acid,  and  heating  to  boiling.    Transfer 

.  to  a  fiask,  add  water,  and  digest  until  all  sulphate  is  dissolved  and  the  solution 

*  is  clear.    Reduce  with  zinc,  cool,  and  titrate  with  a  fiftieth-normal  solution  of 

potassium  permanganate.    Make  blank  determinations  on  chemicals  used. 

If  it  is  desired  to  use  a  larger  amount  of  the  sample  for  the  iron  determina- 
tion, a  suitable  aliquot  of  the  original  solution  can  be  evaporated  directly  with 
sulphuric  acid,  reduced  with  zinc,  and  titrated  as  Just  described. 

Analytical  Rxsxtltb. 

Separation  of  ferric  and  aluminic  owida. 

[Synthetic  ash  solatton  containing  3  per  cent  FegOt  and  2  per  cent  AlsOt.] 


Analyst. 


Holybdate  method. 


Ferric 
oxid. 


Alumi- 
nic 
oxid. 


Ferric 
and 

alumi- 
nJc 

oxids. 


Oxalate  method. 


Ferric 
oxid. 


Ahimi- 

nlo 

oxid. 


Ferric 
and 

alumi- 
nic 

oxids. 


Laboratory,  StiUwell  &  Gladding,  New  York  City. 


13.07 
U.OO 


"2.11 
12.15 
11.99 


5.15 
5.19 
5.03 


Q.  E.  Bolts,  WooBter,  Ohio. 


2.98 


2.02 
2.06 
2.06 


5.00 
6.04 
5.04 


3.04 

3.02 
2.98 
2.98 
2.94 


2.06 

2.07 
2.05 
2.07 
2.19 


5.12 

5.09 
5.03 
5.06 
5.13 


2.98 


2.05 


5.03 


2.98 


2.10 


5.06 


1  These  resolts  are  not  induded  in  the  seneral  average  for  ferric  and  aluminic  oxids,  because  the  ferric  oxid 
was  obtained  by  direct  evaporation  with  sulphuric  add. 
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Separation  of  ferric  and  (UumMc  osHds — Continued. 


Oxalate  method. 

Analyst. 

Ferrio 
oxid. 

2.71 
2.77 
2.74 
2.62 
2.65 

Almnl- 
nio 
oxid. 

Ferric 
and 

alumi- 
Dic 

Ferrio 
oxid. 

Alumi- 

nio 

oxid. 

Ferrio 
and 

alumi> 
nic 

oxids. 

J.  P,  Axmier,  TTrbauft,  HI 

2.81 
2.43 
2.36 
2.40 
2.71 

5.52 
5.20 
5.10 
5.02 
5.36 

11.51 
11.81 
11.38 
11.28 
1.65 
11.35 

10.68 
11.03 
1.49 
1.59 
1.16 
1.31 

12.19 

12.84 
11.87 
11.87 
1.81 
1 1.66 

2.70 

2.54 

5.24 

1.33 

.54 

1.87 

L.  T.  Bowser,  Dayton,  Ohio 

2.86 
2.84 
2.91 
2.92 

2.40 
2.48 
2.53 
2.32 

5.26 
5.32 
5.44 
5.24 

2.90 
2.98 
2.65 
8.10 

13.58 
16.16 
15.24 
13.43 

16.48 

19.14 
17.89 
16.53 

2.88 

2.43 

5.31 

2.91 

4.60 

7.51 

A.  T.  Charron,  Ottawa,  Canada 

11.90 
11.94 
11.94 

14.82 
14.98 
14.74 

16.72 
16.92 
16.68 

11.74 
11.60 
11.76 

13.65 
13.73 
13.57 

5  39 

5.33 
5.33 

1.93 

4.85 

6.78 

1.70 

3.65 

5.85 

W,L.TTiw11o(^k,PvllTnftn,WMh. 

5.72 
5.42 
5.48 
5.36 
5.52 
5.28 

" 

__.  .^^ 

5.46 

P.  A.  Yoder,  Washington,  D.  C 

3.31 
3.48 
3.45 
3.19 

2.01 
2.18 
2.12 
2.20 

5.32 
5.66 
5.57 
5.39 

2.85 
2.83 

2.27 
2.12 

5  12 

4.95 

3.36 

2.13 

5.49 

2.84 

2.19 

5.08 

3.22 
3.12 

1.90 
2.10 

5.12 
5.22 

" 

3.17 

2.00 

•5.17 

J.  F.Breazeale,  Washington,  D.C 

5.18 

~^ 



O,  U   SHftd'',  T^xingt^n,  Ky 

3.01 
2.95 
3.03 
2.99 
2.97 
8.00 
3.00 
3.12 
8.06 
3.03 
2.92 
2.98 
2.92 
2.96 
3.05 
3.03 
3.00 

2.13 
2.07 
2.31 
1.85 
2.23 
2.18 
1.90 
2.18 
2.22 
2.15 
2.24 
2.16 
2.26 
2.23 
1.93 
1.79 
2.04 

5.14 
5.02 
5.34 
4.84 
5.20 
5.18 
4.90 
5.30 
5.28 
5.18 
5.16 
5.14 
5.18 
5.18 
4.98 
4.82 
5.04 

2.95 
3.01 
2.98 
3.15 
2.82 
2.97 
3.00 
2.93 
2.95 
2.96 
2.97 
2.99 
2.94 
2.97 

2.32 
2.29 
2.27 
2.19 
2.45 
2.34 
2.42 
2.52 
2.41 
2.38 
2.50 
2.47 
2.40 
2.49 

5.27 
5.30 
5.25 
5.34 
5.27 
5.31 
5.42 
5.45 
5.36 
5.34 
5.47 
5.40 
5.34 
5.37 

3.00 

2.11 

5.11 

2.97 

2.38 

5.35 

Nnmber  of  dftmnlnationji 

33 
2.99 

35 
2.20 

42 
5.23 

24 
2.95 

20 
2.31 

26 

General  average 

5.26 

1  Omitted  from  the  general  average. 
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Comments  by  Analysts. 

BtiTlwell  d  Gladdinff:  The  ferric  oxld  was  obtained  by  direct  evaporatioiL 

J.  P.  Aumer:  A  separate  precipitation  in  the  filtrates  of  the  last  four  of  the 
six  determinations,  according  to  tiie  oxalate  method,  gave  the  following  amounts 
of  ferric  and  aluminic  oxids,  respectively:  0.89,  0.74,  0.34,  0.18  per  cent;  0.41, 
0.38,  0.15,  and  0.14  per  cent.  Further,  these  second  filtrates,  upon  long  stand- 
ing, still  showed  phosphate  present 

L.  T,  Bowser:  Ferric  oxld  by  direct  evaporation  with  sulphuric  acid  gave 
8.12  per  cent  and  3.13  per  cent 

P.  A,  Yoder:  The  following  results  on  ferric  oxld  were  obtained  by  rereducing 
the  first  two  solutions  of  ferric  oxld  under  the  molybdate  method  and  retitrating 
the  same.  These  at  first  gave  3.31  and  3.48  per  cent  of  ferric  oxid.  The  sub- 
sequent retltrations  gave  3.13,  3.73,  3.12,  and  3.51  per  cent  of  ferric  oxid.  Re- 
titrations  tried  on  the  two  solutions  under  the  oxalate  method  gave  2.88,  2.83, 
2.^,  and  2.93  per  cent  of  ferric  oxid.  By  direct  evaporation  of  the  original  ash 
solution  with  sulphuric  acid,  the  result  obtained  was  2.91  per  c^it  of  ferric  oxid. 

L.  H.  Bailey:  Reported  that  no  concordant  results  could  be  obtained  by  the 
oxalate  method. 

Note  hy  the  referee :  Some  difficulty  seems  to  have  been  experienced  by  a  few 
cooperators  in  making  the  iron  determination  by  the  bisuli^ate  fusion,  un- 
doubtedly due  to  an  incomplete  fusion.  For  this  reason,  an  alternative  method 
for  this  determination  has  been  added  for  future  work.  The  last  paragraphs 
of  each  method  for  ferric  and  aluminic  oxids,  as  given  in  this  report  w^e  not 
included  in  the  methods  as  sent  out  for  cooperative  work,  consequently  all  of 
the  determinations  on  ferric  oxid  reported,  unless  otherwise  stated,  were  made 
by  fusing  the  precipitate  of  the  double  oxids  or  phosphates  with  potassium 
bisulphate. 

Additional  Work  by  the  Referees. 

In  addition,  the  following  results  were  obtained  from  W.  H.  Mclntire,  of  the 
Pennsylvania  State  College,  who  is  the  associate  referee  in  this  work,  but  they 
were  not  received  in  time  to  be  incorporated  in  the  preceding  table.  By  the 
molybdate  method  Mr.  Mclntire  obtained  for  the  sum  of  the  ferric  and  aluminic 
oxids:  3.90,  3.90,  3.94,  and  4.04  per  cent.    Average,  3.95  per  cent 

Some  work  has  been  carried  on  by  the  referee  on  the  synthetic  solution,  ex- 
tending and.  applying  th*e  molybdate  method  for  the  determination  of  calcium 
and  magnesium  in  the  filtrate  from  the  ammonium  hydrate  precipitate,  disre- 
garding the  manganese  present  Ordinarily,  there  will  not  be  as  much  manga- 
nese in  an  ash  as  was  present  in  the  above  solution,  and  if  a  determination  is 
desired  it  can  be  made  separately. 

A  large  amount  of  work  has  been  done  by  the  referee  in  perfecting  this 
method,  and  in  the  form  in  which  it  is  now  presented  excellent  results  have 
been  obtained  by  its  use.  Disregarding  the  manganese,  which  does  not  appar- 
ently interfere  in  an  amount  as  large  as  that  present  in  the  solution,  results 
have  been  obtained  for  the  calcium  and  magnesium  which  agree  very  closely 
with  the  amounts  present  As  the  synthetic  solution  was  prepared  chiefly  for 
the  iron  and  aluminium  cont^it  small  differences  in  the  other  bases  mi^t  be 
due  to  impurities,  moisture^  etc. 

It  is  not  the  intention  of  the  referee  to  have  the  new  scheme  of  analysis  take 
the  place  of  the  presrait  one,  but  rather  to  supplem(»it  it  if  after  it  has  been 
tested  by  the  association  it  is  found  satisfactory,  as  there  is  no  doubt  that 
there  will  be  much  time  and  work  saved  by  using  it  The  method  will  have 
another  advantage  in  that  the  phosphoric  add,  ferric  and  aluminic  oxids,  cal- 
cium and  magnesium  oxids,  and  possibly  the  manganese  can  be  estimated  in 
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the  mme  solution  on  one-half  gram  of  ash,  which  Is  yery  desirable  when  the 
sample  is  small.  Still  another  advantage  which  might  be  mentioned  in  its 
favor  consists  In  avoiding  the  acetate  separation,  which  at  best  Is  not  very  satis- 
factory In  the  hands  of  the  average  analyst 

There  are  some  additional  points  that  remain  to  be  settled  as  to  the  new 
procedure,  one  of  which  is  to  see  if  larger  amounts  of  manganese  will  Interfere, 
and  if  such  is  found  to  be  the  case,  then  a  separation  of  this  also  may  be  found 
to  work.  No  work  on  the  separation  of  the  manganese  has  been  tried  by  the 
referee,  but  the  associate  referee  has  done  some  work  along  this  line  and  ob- 
tained some  very  promising  results  (p.  66). 

The  method  found  by  the  referee  to  give  the  best  results  in  extending  the 
molybdate  method  for  calcium  and  magnesium  is  as  follows : 

Combine  the  filtrate  and  washings  from  the  first  and  second  precipitations  of 
ferric  and  aluminium  byilroxlds,  make  strongly  alkaline  by  adding  6  cc  of 
strong  ammonium  hydroxid,  and  heat  to  100°  C.  on  the  water  bath.  The  volume 
at  this  point  is  probably  400-{K)0  cc.  Do  not  conc^itrate,  but  add  slowly,  with 
constant  stirring,  an  excess  of  hot  ammonium  oxalate  solution  until  the  calcium 
Is  precii^tated.  Allow  the  beaker  to  remain  for  a  few  minutes  on  the  water 
bath,  and  after  the  precipitate  settles,  filter.  The  time  required  for  the  pre- 
cipitation is  about  the  same  as  in  an  ordinary  calcium  determination. 

Dissolve  the  calcium  oxalate  In  hydrochloric  acid,  wash  the  filter,  and  add  a 
few  drops  of  ammonium  oxalate  solution.  Then  add  sufficient  water  to  make  a 
volume  of  about  75-100  cc,  heat  to  100*  C,  and  reprecipitate  the  calcium  by 
adding  weak  ammonium  hydroxid  slowly  with  constant  shaking  until  the  solu- 
tion is  faintly  alkaline. 

(Combine  the  filtrates  and  washings  from  both  precipitations  of  the  calcium 
and  evaporate  to  about  100  cc,  or  to  as  small  a  volume  as  possible,  so  that  the 
salts  will  remain  in  solution  on  cooling.  Make  the  solution  slightly  acid  with 
hydrochloric  acid,  add  suflacient  sodium  phosphate  solution  to  precipitate  the 
magnesium  and  make  the  whole  slightly  alkaline  with  ammonium  hydroxid. 
Stir  or  shake  the  solution  until  the  precipitate  forms,  and  then  make  strongly 
alkaline  by  adding  20  cc  of  strong  ammonium  hydroxid.  Let  stand  about  24 
hours,  filter,  dissolve  the  precipitate  In  hydrochloric  acid  and  reprecipitate  in 
the  same  manner  as  before,  keeping  the  volume  as  small  as  possible. 

Using  this  method,  the  following  results  on  the  calcium  and  magnesium  were 
obtained:  Calcium  oxid,  23.14,  23.48,  23.10,  and  2302  per  cent;  magnesium  oxid, 
9.92  and  9.90  per  cent 

In  working  out  the  method,  a  number  of  determinations  of  the  calcium  ozld 
were  made  by  discarding  the  filtrate  from  the  reprecipitation  of  the  ferric  and 
aluminum  hydroxide  and  not  reprecipltatlng  the  calcium  oxalate. 

The  results  obtained  were:  Calcium  oxid,  23.10,  23.24,  23.26,  23.12,  22.92,  23.12, 
and  23.02  per  cent  A  reprecipitation  of  the  calcium  oxalate  working  in  the 
same  manner  gave  23.06  per  cent  of  calcium  oxid.  These  determinations  were 
made  for  the  purpose  of  finding  out  If  It  was  possible  to  shorten  the  method. 

While  the  results  given  are  very  good,  there  has  been  a  balancing  of  errors 
to  a  certain  extent  in  that  a  small  amount  of  calcium  Is  lost  in  the  filtrate  dis- 
carded, while  more  or  less  manganese  Is  present  in  the  first  precipitation  of 
the  calcium  oxalate.  It  has  been  the  referee's  experience  that  It  is  necessary 
to  make  repreclpltations  In  every  case  in  order  to  obtain  pure  precipitates,  and 
to  save  both  filtrates  and  the  first  washings  of  all  precipitates.  Especially  is  tbii 
true  If  a  good  determination  of  the  magnesium  is  desired. 

The  magnesium  determination  has  given  the  most  trouble  In  this  work  and 
several  different  plans  of  precipitating  the  magnesium  ammonium  i^osphate 
were  tried  before  the  best  conditions  were  obtained.  The  plan  was  tried  of 
preelpltatlng  In  a  large  Tolume,  800-1,000  cc,  with  the  ammonium  salts  present 
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as  prescribed  by  Washington  In  bis  book  on  rock  analyses.  Also,  the  plan  was 
tried  of  burning  off  the  ammonium  salts  carefully,  taking  up  the  residue  witb 
a  small  amount  of  acid,  and  then  precipitating  the  magnesium  in  a  small  volume 
both  by  leaving  the  molybdenum  in  the  solution  and  also  by  removing  most  of 
it  by  first  filtering  the  oxids  of  molybdenum  while  they  were  in  the  acid  solu- 
tion and  washing  the  residue.  In  all  cases  the  results  on  the  magnesium  were 
too  low  and  the  only  satisfactory  plan  found  was  to  leave  the  ammonium  salts 
in  the  solution  and  keep  the  volume  as  low  as  possible  so  that  they  would  re- 
main in  solution  during  the  precipitation  of  the  magnesium  ammonium 
phosphate. 

Mr.  Mclntire,  the  associate  referee,  by  a  method  but  slightly  different  from 
the  general  method  already  given,  has  determined  the  manganese  in  addition 
to  the  calcium  and  magnesium  in  the  synthetic  solution.  The  method  followed 
was  to  precipitate  the  Iron  and  aluminum  hydroxids  by  the  directions  given 
and  determine  the  calcium  without  concentrating  the  filtrate  by  means  of 
ammonium  hydroxld  and  ammonium  oxalate.  After  the  elimination  of  the 
calcium,  the  filtrates  and  washings  were  evaporated  to  a  small  volume  and  the 
manganese  removed  by  treatment  with  bromin  water.  The  filtrate  from  the 
manganese  was  evaporatel  to  about  75  cc  and  precipitated  with  sodium  phos- 
phate.   Following  this  method  the  following  results  were  obtained: 

Determinations,  including  manganese,  hy  Mclntire. 


Alumlnic 

and  ferric 

oxids. 

Caldum 
oxid. 

Manga- 
nese 
(Mn,O0. 

Marmesl- 
umoxid. 

Per  cent. 
3.90 
3.90 
3.94 
4.04 

Percent. 
24.28 
23.88 

Percent. 
1.16 
1.16 
1.28 

Per  cent. 
9.G1 
9.34 
9.90 

Mr.  Mclntire  suggests  that  as  most  plants  contain  such  a  small  amount  of 
manganese  it  would  be  preferable  to  leave  it  in  the  solution  and  weigh  It  with 
the  magnesium  as  the  pyrophosphate.  The  manganese  result  could  then  be 
obtained  by  dissolving  this  precipitate  and  using  the  sodium  bismuthate  method. 

The  referee's  results  on  magnesium  seem  to  indicate  that  very  little  if  any 
manganese  in  this  particular  solution  is  precipitated  with  the  magnesium,  but 
this  is  a  point  that  needs  further  investigation. 

EECOMMENnATIONB. 

Following  are  the  recommendations  for  the  present  year — 

(1)  That  the  molybdate  method  in  the  form  in  which  It  is  now  presented 
for  the  separation  of  ferric  and  alumlnic  oxids  In  an  ash  solution  be  made 
ofidcial. 

(2)  That  the  oxalate  method  for  the  above  separations  be  made  a  provisional 
method.  That  further  work  be  done  on  it  next  year  on  a  synthetic  solution,  in 
order  that  It  may  be  made  an  optional  method.  This  method  was  first  sug- 
gested by  the  referee  last  year,  and  in  a  slightly  modified  form  has  been  pub- 
lished in  the  Proceedings  for  1910. 

(8)  That  cooperative  work  be  done  next  year  on  the  molybdate  method  as 
eoEtended  and  described  for  the  separation  of  calcium  and  magnesium*  and  prob- 
ably the  manganese  in  an  ash  solution. 
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(4)  That  cooperative  work  be  done  on  the  method  entitled  "  The  Determination 
of  Total  Sulphur  In  Organic  Matter,"  as  described  by  Herman  Schreiber  In 
Circular  No.  56,  Bureau  of  Chemistry,  United  States  Department  of  Agriculture. 
This  recommendation  Is  made  In  order  that  there  may  be  an  optional  official 
method  for  the  determination  of  total  sulphur  in  plants,  which  is  very  desirable. 

The  work  done  In  this  and  former  years  Justifies  the  first  two  recommenda- 
tlon&  The  molybdate  method  has  been  before  the  association  since  190S,  in 
which  year  it  was  recommended  by  the  referee  to  be  made  an  official  method. 
Since  that  time  27  analysts  have  used  It  at  different  times  in  cooperative  work 
for  this  association,  and  with  very  few  exceptions  have  obtained  good  resulta 

The  second  recommendation  is  made  in  order  that  the  association  may  have 
another  method  which  will  be  satisfactory  for  these  separations. 

The  third  needs  no  further  comment,  while  the  fourth  recommendation,  as 
stated  before,  is  made  simply  for  the  reason  that  it  is  very  desirable  to  have 
a  check  method  for  the  determination  of  total  sulphur  in  plants. 

In  addition,  Mr.  Mclntire,  the  associate  referee,  desires  the  association  to  take 
some  action  upon  a  recommendation  which  he  set  forth  in  a  brief  report  to  the 
chairman  of  subcommittee  A,  as  follows : 

I  would  strongly  recommend  that  the  method  for  the  preparation  of  an  ash 
without  the  use  of  calcium  acetate,  which  is  now  an  optional  official  method 
(Bui.  107,  Rev.,  p.  233).  be  made  the  official  method  for  the  securing  of  an  ash 
of  different  plants,  most  especially  of  the  cereal  plants,  because  of  the  fact 
that  there  are  very  minute  traces  of  calcium  to  be  found  in  these  crops,  even 
when  grown  In  the  most  calcareous  soils.  In  the  method  calling  for  the  use  of 
calcium  acetate,  we,  of  course,  are  subject  to  error  in  the  standardization  of 
the  chemically  pure  salt  Afterwards,  in  making  determination  of  the  calcium 
added  to  the  solution,  plus  the  amount  found  in  the  plant,  we  have  a  rather 
large  precipitate,  a  very  small  percentage  of  which  would  make  a  relatively 
large  error  in  the  actual  amount  of  calcium  present  in  the  plant 

The  referee  Is  of  tho  opinion  that  Mr.  Mclntire*s  recommendation  is  a  good 
one  in  regard  to  the  ashing  of  a  large  number  of  plants,  and,  furthermore, 
whatever  action  is  taken  by  this  association,  we  should,  as  far  as  possible, 
describe  the  kind  of  plants  to  which  each  method  of  ashing  is  best  suited. 

Three  resolutions  offered  by  Mr.  Shedd,  amending  the  constitution 
and  by-laws,  were  referred  to  Mr.  Van  Slyke  as  chairman  of  the 
committee  on  amendments  to  the  constitution  (see  p.  86). 

At  1.40  the  convention  adjourned  until  2  p.  hl 


MONDAY— AFTERNOON  SESSION. 

At  the  opening  of  the  afternoon  session  the  president  appointed 
the  following  committees: 

Committee  to  invite  the  Secretary  of  Agriculture  and  the  Assistant 
Secretary  to  address  the  association:  M.  E.  Jaffa,  of  California; 
F.  T.  Shutt,  of  Canada;  and  A.  J.  Patten,  of  Michigan. 

Committee  on  resolutions:  William  Frear,  of  Pennsylvania;  B.  B. 
Boss,  of  Alabama ;  and  J.  G.  Lipman,  of  New  Jersey. 

Com/mittee  on  nominations:  L.  L.  Van  Slyke,  of  New  York;  W.  A. 
Withers,  of  North  Carolixia;  and  B.  L.  Hartwell,  of  Bhode  Idand. 
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Auditing  committee:  J.  M.  Bartlett,  of  Maine;  O.  M.  Shedd,  of 
Kentucky;  and  C  W.  Stoddart,  of  Pennsylvania.  (B.  L.  Hartwell, 
Rhodci  Island,  acting  in  the  absence  of  Mr.  Stoddart) 

RBPORT  ON  INSBCTICIDES. 
By  C.  0.  McDonnell,  Referee. 

The  cooperative  work  on  the  subject  of  insecticides  and  fungicides  this  year 
has  consisted  of  work  on  methods  for  the  analysis  of  lead  arsenate  and  lime- 
sulphur  solutions.  Reports  have  been  received  from  five  laboratories  In  addi- 
tion to  the  work  done  In  the  Insecticide  Laboratory  of  the  Bureau  of  Chemistry. 

Lead  Absenate. 

The  work  on  this  material  has  been  carried  out  along  the  lines  recommended 
by  the  referee  and  adopted  by  the  association  last  year.  Two  samples  were 
submitted  for  analysis.  No.  1  being  a  commercial  sample  of  lead  arsenate  paste, 
and  No.  2  a  sample  prepared  In  the  laboratory  from  pure  chemicals.  The  de- 
terminations of  moisture,  total  lead  oxld,  and  water-soluble  arsenic  by  the 
following  methods  were  requested : 

Moisture. — In  case  the  sample  Is  In  the  form  of  a  paste  (sample  No.  1), 
weiph  entire  sample  and  dry  at  from  80**  to  100"  C.  until  dry  enough  to  powder 
readily,  and  obtain  loss  In  weight  Powder  the  dried  sample  In  a  mortar  and 
determine  the  remaining  moisture  as  follows:  Dry  2  grams  in  an  air  oven  at 
105*  to  110"  C.  to  constant  weight.  Calculate  total  moisture  from  this  loss 
and  the  loss  obtained  in  the  preliminary  drying. 

On  sample  No.  2  obtain  moisture  by  drying  2  grams  to  constant  weight  at 
105"  to  110"  C. 

Lead  oxid. — Method  /. — See  Bureau  of  Chemistry  Bulletin  107,  Revised, 
page  239. 

Method  II, — Treat  2  grams  of  the  powdered  sample  with  50  cc  of  nitric 
acid  (1:4),  heat  the  solution,  and  when  the  lead  arsenate  has  dissolved,  cool, 
and  make  up  to  200  cc.  Pipette  50  cc  of  this  solution  Into  a  400  cc  beaker, 
dilute  to  about  300  cc,  heat  nearly  to  boiling,  add  sodium  or  ammonium 
hydroxid  to  incipient  precipitation,  then  add  dilute  nitric  acid  (1: 10)  to  redls- 
solve  the  precipitate,  avoiding  more  than  a  slight  excess ;  now  add  to  this  boil- 
ing solution  50  cc  of  a  10  per  cent  potassium  chromate  solution,  stirring  vigor- 
ously during  the  addition.  The  chromate  solution  should  be  nearly  boiling  and 
added  to  the  lead  solution  by  means  of  a  pipette  delivering  50  cc  In  about  one 
minute.  If  the  lead  chromate  Is  precipitated  hot  and  stirred  vigorously  during 
the  precipitation  it  will  settle  clear  in  15  minutes,  or  less,  when  It  is  ready  to 
be  filtered.  Filter  while  hot,  collecting  the  precipitate  on  a  weighed  gooch, 
and  wash  with  boiling  distilled  water  until  the  final  wash  water  does  not  show 
the  slightest  tinge  of  yellow.  Dry  the  precipitate  in  an  air  oven  at  140"  to 
150"  C.  to  constant  weight  (In  preparing  the  filter,  the  asbestos  mat  should 
be  thick  and  pressed  down  firmly,  then  washed,  and  dried  at  140*"  to  150"  to 
constant  weight.  If  porcelain  gooch  crucibles  are  used  they  should  be  cooled 
in  a  desiccator  over  sulphuric  acid,  as  they  take  up  a  little  moisture  over 
calcium  chlorld.) 

Weight  of  PbCrO4X0.6906=PbO. 

Soluble  arsenic, — (1)  Method  as  given  In  Bureau  of  Chemistry  Bulletin  107, 
Revised,  page  240.  Use  5(X)  cc  of  the  water  extract  for  the  determination  of 
arsenic.  Make  correction  for  the  amount  of  lodin  solution  required  to  pro- 
duce blue  color  titrated  to— using  same  chemicals  and  volume  as  in  the  deter- 
mination. 

(2)  Determine  water-soluble  arsenic  as  before,  except  digest  for  one  day 
instead  of  ten. 

The  results  reported  by  the  various  analysts  are  given  in  the  foUowing  table: 
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OooperaUve  results  on  lead  arsenate, 
rResolts  on  lead  and  arsenic  oxids  calculated  to  "moistore-free"  basis.] 


Sample  No.  1. 

Sample  No.  2. 

Mois- 
ture. 

Total  lead 
oxid  (PbO). 

Water-solu- 
ble arsenic 
oxid 
(As«0.). 

Mois- 
ture. 

Totel  lead 
oxid  (PbO). 

Water.60hi- 

ble  arsenic 

oxid 

Analyst. 

Meth- 
odL 

Meth- 
od n. 

Meth- 
OdL 

Meth- 
od n. 

(AsiO»). 

Extraction. 

Extraction. 

10 
days. 

1 
day. 

10 
days. 

1     ; 

day. 

8.  D.  Avoritt,  Lexington,  Ky 

R.  7.  Davidson  and  C.  B.  Walker, 
Blacksburg,  Va. 

P.ct. 
40.30 

'39.84* 
39.32' 

P.et. 

69.17 
69.30 
69.55 
69.40 
69.40 
69.11 
69.11 
69.10 
69.04 

P.et. 

69.72 
69.55 
70.13- 
70.11 
70.06 
69.45 
69.37 
68.65 
68.65 
68.56 
68.87 

P.ct. 

1.09 

1.11 

.99 

.94 

P.et. 

0.85 
.87 
.60 
.60 

P.et. 
4.15 

'4*69' 

P.et. 
62.52 
62.40 
61.30 
61.41 
61.18 
62.09 
62.09 
62.14 
62.04 

P.et. 
62.67 
62.65 
62.75 
62.  n 

P.et. 

0.25 
.28 
.20 
.22 

P.eL 

0.25 

.25 

.12 

.12 

C.  H.  Robinson,  Ottawa,  Oanada. . . 
A.  T.  Charron,  Ottawa,  Canada.... 

.78 
.78 
.68 
.70 

.59 
.59 
.51 
.51 

4.18 

62.84 
62.67 
62.55 
62.54 
62.56 
62.54 

.14 
.14 

.14 
.14 

.12 
.12 
.11 



.U 

Miss  11.  E.  Stover,  Berkelev,  Cal.. . 
L.  T.  Bowser,  Dayton,  Ohio 

30.26 
40.04 

69.46 
69.12 
69.22 
69.44 
09.34 

.31 

.23 

4.24 

62.01 

.13 

.08 

69.44 
69.46 
69.62 
69.59 
69.44 
69.53 
69.69 
69.62 
09. 41 
09.70 
69.75 

1.10 
.96 
.99 

.61 
.67 
.61 

4.13 
4.06 

62.45 
62.41 
62.48 
62.50 
62.77 
62.90 
62.19 
62.30 

62.38 
62.43 
62.63 
62.47 
62.88 
62.82 
62.91 
62.95 
62.83 
62.89 
62.88 

.33 
.33 

.09 
.06 
.06 

W.  D.  Lynch,  Washington,  D.  C. . . 
R.  0.  Roark,  Washington,  D.  C... 

39.72 
"39.'5i' 

'io.'oT* 

69.65 
69.49 
69.43 
69.29 
09.16 
69.38 
69.65 

.70 
.70 
.81 

.48 
.48 
.68 

4.17 
*3."97* 

.07 
.06 
.09 

.08 
.08 
.05 

C.  C.  HcDonneO,  Washington,  D.  C. 

.70 

.70 

.60 
.60 

4.13 

62.44 
62.54 

.08 
.08 

.06 
.06 

Average 

39.76 

69.32 

69.47 

.83 

.59 

4.1:^ 

62.21 

02.70 

.17 

.10 

Mr.  Averltt,  the  associate  referee,  reports  Method  II  for  total  lead  as  "  easy  to 
work,  rapid,  and  accurate."  For  soluble  arsenic  he  suggests  shalclng  every 
quarter  hour  during  a  working  day  and  filtering  after  standing  overnight 
Mr.  Bowser  reports  "  the  chromate  method  seems  very  good,  and  I  am  making 
use  of  it  on  other  work  to  advantage."  He  suggests  that  acid  and  alkali  of 
known  strength  be  u^ed  in  preparing  the  solution  in  order  to  avoid  getting  too 
large  an  excess  of  nitric  acid  before  precipitating  with  the  chromate  solution. 

The  results  on  total  lead  oxid  by  the  sulphate  method  agree  welL  Neither  of 
the  samples  contains  calcium  salts,  which  would  render  this  method  unreliable. 
The  results  by  the  chromate  method  do  not  agree  quite  so  well,  but  in  consid- 
eration of  the  fact  that  it  is  the  first  time  it  has  been  submitted  for  trial  they 
can  be  considered  quite  satisfactory.  The  point  about  the  method  which  de- 
mands care  is  to  avoid  leaving  more  than  a  slight  excess  of  nitric  acid  when 
making  the  precipitation.  By  using  dilute  acid  and  adding  it  carefully  there 
need  be  no  trouble  from  this  cause.  It  has  been  found  in  this  laboratory  that 
ammonium  hydroxld  is  a  little  more  desirable  for  neutralizing  excess  acid  than 
sodium  hydroxld;  the  lead  chromate  precipitate  collects  better,  and  slightly 
more  satisfactory  results  are  obtained.  This  method  has  been  in  use  in  this 
laboratory  for  the  past  two  years  and  has  always  given  satisfactory  results. 
I  have  no  hesitancy  in  recommending  its  adoption  as  an  official  method. 

The  results  on  water-soluble  arsenic  are  not  entirely  satisfactory.  In  the 
carrying  out  of  the  method  there  are  several  points  which  must  be  observed. 
In  the  first  place,  in  "filtering  the  solution  after  digesting  the  lead  arsenate  with 
water  certain  samples  have  a  tendency  to  run  through  the  filter,  and  in  some 
cases  It  is  almost  impossible  to  obtain  a  clear  filtrate.    We  have  found  that  by 
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Shaking  up  the  sample  Just  befbie  filtering  a  clear  tUtrate  can  usnally  be 
obtained  after  discarding  the  first  portion  that  comes  through.  The  tempera- 
ture of  the  water  during  the  digestion  has  a  slight  influence  on  the  amount 
dissolved.  Great  care  must  be  exercised  in  the  addition  of  thiosulphate  and 
in  the  final  titration  with  iodin.  Where  the  amount  of  arsenic  present  is  so 
small,  an  error  of  a  drop  or  two  of  either  of  these  solutions  will  make  a  marked 
difference  in  the  results.  In  view  of  the  determinations  reported  and  awaiting 
the  results  of  other  work  which  we  are  now  doing  relative  to  time  of  digestion, 
temperature,  etc.,  no  recommendation  will  be  made  at  this  time. 
The  results  on  moisture  show  a  satisfactory  agreement 

LiME^SuLPHUB  Solutions. 

On  account  of  the  necessity  of  having  official  methods  for  the  determination 
of  the  various  sulphur  compounds  in  lime-sulphur  solutions,  those  here  given 
were  submitted  for  trial.  They  are,  with  slight  modifications,  the  same  as 
given  in  Bureau  of  Chemistry  Bulletin  101,  page  9,  which  have  been  adapted 
from  methods  given  in  Sutton's  Volumetric  Analysis,  and  Avery's  method  for 
total  sulphur  as  adopted  by  the  association  in  1909: 

Total  sulphur  in  solution,— BuTe&u  of  Chemistry  Bulletin  107,  Revised,  page 
34.  Instead  of  measuring  10  cc  of  the  sample,  weigh  accurately  about  10 
grams  and  make  up  to  100  cc  Use  10  cc  aliquots  of  this  for  each  deter- 
mination. 

Sulphur  as  sulphids, — ^Dilute  10  cc  of  the  solution,  prepared  as  for  total  sul- 
phur, to  about  100  cc  and  add  ammoniacal  zinc  chlorid  solution  (prepared  by 
dissolving  50  grams  pure  zinc  chlorid  in  water  and  adding  ammonia  in  sufficient 
quantity  to  redlssolve  the  precipitation  first  formed)  until  the  sulphid  is  all  pre- 
cipitated, as  will  be  shown  by  adding  a  drop  of  the  clear  solution  to  a  few  drops 
of  nickel  sulphate  solution.  Place  on  steam  bath  and  heat  until  the  odor  of 
ammonia  becomes  faint,  then  filter  and  wash  the  precipitate.  Transfer  filter 
containing  the  zinc  sulphid  precipitate  to  a  beaker,  add  10  to  15  cc  of  a  satu- 
rated solution  of  sodium  or  potassium  hydroxld  and  heat  on  steam  bath  for 
about  15  minutes.  Dilute  with  about  an  equal  quantity  of  water,  add  50  cc 
hydrogen  peroxld  solution,  and  heat  on  steam  bath  for  30  minutes.  Then  make 
the  solution  slightly  acid  with  hydrochloric  acid,  filter  to  remove  paper,  wash 
thoroughly,  heat  to  boiling,  and  precipitate  the  sulphate  with  barium  chlorid 
solution.  Calculate  sulphid  sulphur  from  the  weight  of  barium  sulphate 
obtained. 

(Make  blank  determinations  of  sulphur  (SOs)  in  the  reagents  used  in  the 
determinations  of  total  and  sulphid  sulphur  and  make  correction  therefor.  If 
the  hydrogen  peroxld  solution  Is  not  full  strength,  50  cc  may  not  be  sufflcl^t  to 
oxidize  all  the  sulphur  compounds  to  sulphate,  in  which  case  more  peroxld  must 
be  used.) 

Sulphur  as  thiosulphate. — ^Dllrte  20  cc  of  the  solution  prepared  as  for  total 
sulphur  to  about  50  cc  in  a  200  cc  graduated  fiask.  Add  ammoniacal  zinc 
chlorid  until  In  slight  excess  and  make  to  mark.  Shake  thoroughly  and  filter 
through  a  dry  filter.  To  100  cc  of  the  filtrate  add  methyl  orange  and  exactly 
neutralize  with  dilute  hydrochloric  acid.  Titrate  this  solution  with  tenth- 
normal lodln,  using  a  few  drops  of  starch  paste  as  indicator.  From  the  amount 
of  iodln  solution  required  calculate  the  sulphur  present  as  thiosulphate,  as 
represented  by  the  following  reaction:  2NaaSaO«+2I=2NaI+NatS«Of. 

Sulphur  as  sulphate  and  sulphite, — ^To  the  solution  from  the  determination  of 
thiosulphate  add  two  or  three  drops  of  hydrochloric  acid,  heat  to  boiling,  pre- 
cipitate with  barium  chlorid  solution,  and  obtain  weight  of  barium  sulphate, 
from  which  calculate  sulphur  and  report  as  "  sulphate  and  sulphite  sulphur." 

Note,— In  case  sulphite  is  present  the  determination  of  thiosulphate  will  be 
too  high.  However,  as  calcium  sulphite  Is  nearly  insoluble  it  will  not  be  present 
in  more  than  traces,  and  the  error  from  this  cause  will  be  negligible.  We  have 
never  examined  a  sample  of  lime  sulphur  In  which  the  combined  sulphate  and 
sulphite  amounted  to  more  than  a  small  fraction  of  a  per  cent 

Two  samples  were  submitted  for  the  work,  which  were  prepared  as  follows: 
Weighed  amounts  of  lime,  sulphur,  and  water  were  boiled  together,  and  two 
measured  portions  of  the  clear  solution  thus  obtained  were  used.    No.  1  was 
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diluted  to  a  definite  Tolnme  with  water  and  No.  2  was  diluted  to  the  same 
volume  with  a  solution  containing  a  weighed  amount  of  sodium  thlosulphate, 
from  which,  by  calculation,  sample  No.  2  contained  2.02  per  cent  of  sulphur  as 
thlosulphate  In  excess  of  that  In  No.  !•  Owing  to  the  difference  In  the  specific 
gravity  of  the  two  solutions  the  sulphld  sulphur  In  No.  2  should  be  0.4  per  cent 
lower  than  In  No.  1,  assuming  that  no  chemical  change  has  taken  place  In  the 
samples. 

Cooperative  resulta  on  lime-sulphur. 


Sample  No.  1. 

Sample  No.  3. 

Analyst. 

Total 
sul- 
phur. 

Snl- 
phid 
sul- 
phur. 

Thlo- 
sul- 
phate 
sul- 
phur. 

Sul- 
phate 

sul- 
phur. 

Total 
sul- 
phur. 

Sul- 
phid 
sul- 
phur. 

Thlo- 
sul- 
phate 
sul- 
phur. 

Sul- 
phate 

sul- 
phur. 

R.  «    Davidson  and  C.  B.  Walker. 
Blacksburg,  Va. 

PM. 

12.48 
12.49 
12.49 
12.46 
12.28 
12.23 
12.28 

P.  a. 

•10.78 
10.78 
10.80 

10.19 
10.33 

PM, 

1.85 
1.85 
1.85 

1.80 
L87 
1.81 
1.84 
1.81 
1.84 
1.84 

PM, 

0.03 
.02 
.04 

PM. 

P  14.84 

14.86 
14.33 

13.75 
13.82 
13.74 

P.et, 

10.12 
10.18 
10.33 

10.82 
10.60 

P.et, 

8.82 
8.82 
3.82 

8.75 
8.83 
8.79 
8.83 
8.79 
8.80 
8.80 

PM. 

S.D.Averitt  Lexington,  Ky 

1 

0.03 
.02 
.04 

A.  T.  Charrcm,  Ottawa,  Canada 

12.50 
12.49 
12.47 
12.51 
12.44 
12.45 
12.22 
12.51 
12.48 
12.45 

10.33 
10.32 

.00 
.00 

14.12 
14.06 
14.14 
14.14 
14.06 
14.13 
14.  C2 
14.07 
14.07 
14.11 

9.85 
9.86 

.24 
.26 

C.  H.  Robinson,  Ottawa,  Canada..... 
M  E  Stover  Berlreley.  Cal 

10.39 
10.36 
10.47 
10.59 
10.67 
10.48 
10.42 

1.84 
1.84 
1.91 
1.80 
1.80 
1.80 
1.82 

'"".OA 
.16 
.13 

.       .04 
.06 

9.83 
9.84 
9.96 
10.26 
10.44 
10.86 
10.34 
10.29 
10.11 
10.10 

8.n 

8.77 
4.00 
8.73 
8.63 
8.84 
8.82 
8.81 
8.81 
8.92 

Og 

R.  C.  Roark,  Washington,  D.  C 

W.  D.  Lynch,  Washington.  D.  C 

.12 
.13 
.06 
.06 

a  C.  MbDonneU,  Washington,  D.  C .. 

12.14 
12.15 

10.40 
10.32 

1.83 
1.84 

.02 
.03 

14.11 

.05 
,09 

Average. 

12.40 

10  40 

1  S3 

.06 

14.02 

10.16 

3.81 

10 

1       ''^ 

1  Not  included  In  average;  no  blank  run  on  reagents  used. 

The  results  on  the  lime-sulphur  samples  are  good,  as  a  whole.  The  thlosul- 
phate determinations  are  very  close  and  the  work  shows  the  method  to  be 
accurata    Practically  the  theoretical  amount  added  to  No.  2  is  accounted  for. 

In  the  determination  of  sulphate,  the  solution  must  not  be  boiled,  because 
by  so  doing  some  sulphate  will  be  formed  from  decomposition  of  the  tetrathion- 
ate,  particulnrly  If  more  than  a  trace  of  hydrochloric  acid  is  present  and  the 
solution  contains  a  considerable  amount  of  tetrathionate,  as  in  sample  No.  2. 

In  making  the  precipitation,  wnrm  the  solution  on  a  steam  bath,  then  add 
the  barium  chlorid,  stirring  the  solution  well  for  several  minutes,  and  let  stand 
in  the  cold  overnight  before  filtering. 

Recommendations. 
It  Is  recommended — 

(1)  That  the  chroma te  method  (Method  II)  for  total  lead  oxld  In  lead 
arsenate  be  adopted  as  official. 

(2)  That  the  method  for  water-soluble  arsenic  oxld  In  lead  arsenate  be  fur- 
ther studied  as  regards  time  of  standing  for  the  solution  of  soluble  arsenic  and 
the  effect  of  different  temperatures  thereon. 

(3)  That  the  method  for  total  sulphur  in  lime-sulphur  colutlons  (Bureau  of 
Chemistry  Bui.  107,  Rev.,  p.  34)  be  changed  as  follows:  Under  "2,"  line  1, 
after  "Measure,"  insert  "and  accurately  weigh;"  after  "sample"  strike  out 
"in"  and  insert  a  comma  and  the  words  "transfer  to,"  and  the  method  as 
thus  changed  be  adopted  as  ofildaL     (By  both  measuring  and  weighing  the 
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sample  operated  upon,  the  "  per  cent  by  weight  **  and  "  grams  per  100  cc "  of 
the  determined  constituents  can  readily  be  calculated.) 

(4)  That  the  gravimetric  method  for  sulphur  as  sulphids  and  polysulphids 
In  lime-sulphur  solutions,  as  given  in  this  report,  be  adopted  as  official. 

(6)  That  the  volumetric  method  for  sulphur  occurring  as  thiosulphate  in 
lime-sulphur  solutions,  as  given  in  this  report,  be  adopted  as  official 

(6)  That  the  method  here  given  for  sulphur  occurring  as  sulphates  and  sul- 
phites in  lime-sulphur  solutions  be  changed  as  follows:  Strike  out  "heat  to 
boiling,  etc.,"  to  end  of  paragraph,  and  substitute  "  warm  on  steam  bath,  precipi- 
tate with  barium  chlorid  solution,  stirring  vigorously  for  several  minutes,  let 
stand  in  the  cold  overnight,  filter  and  obtain  weight  of  barium  sulphate.  From 
this  weight  calculate  sulphur,"  and  that  the  method  as  changed  be  adopted  as 
official. 

The  following  recommendations  which  were  adopted  by  the  association  in 
1909  are  hereby  renewed  for  final  action. 

(7)  That  '*  Method  II "  for  total  arsenious  oxid  in  London  purple,  as  given 
in  Bulletin  107,  Revised,  page  29,  be  dropped  from  the  methods  of  analysis. 

(8)  That  "Method  II"  for  total  arsenic  oxid  in  London  purple,  as  given 
in  Bulletin  107,  Revised,  page  29,  bo  dropped  from  the  methods  of  analysis. 

The  following  recommendations  adopted  by  the  association  in  1910  are  hereby 
r^iewed  for  final  action: 

(9)  That  "Method  I"  for  total  arsenious  oxid  in  London  purple,  as  given 
in  Bulletin  107,  Revised,  puge  28,  be  adoptcjd  as  official. 

(10)  That  "Method  III "  as  proposed  by  the  referee  in  1909  (Bui.  132,  p.  43) 
for  the  total  arsenic  oxid  in  London  purple  be  adopted  as  official  and  designated 
as  "Method  IL" 

(11)  That  the  Gatehouse  method  (Sutton's  Volumetric  Analysis,  9th  ed.,  p. 
201;  Bureau  of  Chemistry  Cir.  10,  Rev.,  p.  6)  for  the  determination  of  chlorin 
In  cyanids  be  adopted  as  official. 

(12)  That  the  provisional  methods  for  the  analysis  of  lead  arsenate  (Bui. 
107,  Rov.,  p.  239)  be  changed  in  accordance  with  recommendation  7  of  the 
referee  in  1910  (Bui.  137,  p.  47),  and  as  changed  be  adopted  as  official.  (The 
additions  and  changes  ao  recommended  were  adopted  as  provisional  in  1910.) 

The  secretary-treasurer  of  the  association  presented  his  report, 
which  was  referred  to  the  auditing  committee  (see  p.  212).  He  also 
presented  the  formal  invitat'on  of  the  officers  and  members  of  the 
executive  committee  of  the  Eighth  International  Congress  of  Applied 
Chemistry  to  the  association  to  join  the  congress  and  take  part  in  the 
proceedings,  the  opening  meeting  to  be  held  in  Washington,  Septem- 
ber 4,  and  the  subsequent  meetings  in  New  York,  closing  on  Septem- 
ber 13.  Reply  to  be  addressed  to  Bernhard  C.  Hesse,  25  Broad  Street, 
New  York. 

A  resolution  by  Mr.  Withers  in  regard  to  the  appointment  of  ref- 
erees by  the  outgoing  executive  committee  was  referred  to  the  com- 
mittee on  amendments  to  the  constitution  (see  p.  86). 

REPORT  ON  WATBR. 
By  W.  W.  Skinner,  Referee. 

The  cooperative  work  on  water  analysis  for  this  year  has  '/Cen  a  contlnnation 
of  the  plan  of  work  prosecuted  the  year  prcviors  with  a  very  slight  modifica- 
tion in  the  several  methods  used.    The  work,  as  heretofore,  has  been  restricted 
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to  a  consideration  of  the  more  common  determinations  in  mineral  water  analysis, 
strontium  being  the  only  determination  which  has  been  added  to  the  work, 
while  lithium  has  been  omitted  because  of  the  excellent  results  of  last  year 
obtained  by  the  Gooch  method,  and  partly  because  to  have  included  it  in  this 
year's  determinations  would  probably  have  made  the  cooperative  work  on  water 
rather  tediously  long.  A  general  letter  of  invitation  to  participate  in  the  work 
was  sent  to  numerous  chemists  Imown  to  be  interested  in  water  analysis,  16  of 
whom  responded  with  a  request  that  samples  and  directions  for  the  work 
be  forwarded.  Teu  chemists  have  submitted  results  in  time  to  have  them  in- 
corporated in  the  report  It  was  found  to  be  practically  impossible  to  obtain 
a  natural  water  which  would  contain  the  several  constituents  in  sufficient 
amounts  to  give  a  thorough  test  of  the  several  methods  proposed  for  their 
determination.  It  seemed  desirable  on  account  of  the  size  of  the  sample  also 
to  have  the  concentration  such  that  not  in  excess  of  1  liter  should  be  taken 
for  any  one  determination.  With  these  points  in  mind,  a  sample  of  water  was 
prepared,  the  basis  of  which  was  filtered  Potomac  River  water  to  which  were 
added  known  quantities  of  several  salts  in  which  the  natural  water  for  our 
purposes  was  deemed  lacking.  The  sample  after  being  prepared  was  allowed 
to  remain  in  the  laboratory  for  several  days  with  occasional  agitation.  It 
was  then  transferred  to  the  several  packages  and  immediately  sait  by  express 
to  the  collaborators,  with  instructions  that  the  determinations  of  bicarbonic 
acid,  nitric  acid,  and  chlorin  be  made  as  soon  after  the  sample  was  received 
as  possible,  aud  then  if  it  were  necessary  to  delay  the  work,  that  the  several 
portions  should  be  withdrawn  for  the  determinations  and  acidified  with  hydro- 
chloric acid  in  order  to  prevent  any  possible  action  of  the  water  upon  the 
glass  container.  The  following  table  gives  the  results  obtained  by  the  several 
analysts.  In  order  to  avoid  the  introduction  of  any  personal  element  into  the 
report,  the  names  of  the  analysts  have  been  omitted. 

Analysis  No.  1  was  made  In  the  water  laboratory  of  the  Bureau  of  Chemistry 
immediately  after  the  sample  was  prepared  and  at  about  the  time  it  was 
supposed  that  other  analysts  would  be  engaged  in  the  cooperative  work. 

Analysis  No.  2  was  made  in  the  water  laboratory  after  the  sample  had  stood 
in  the  glass  container  for  six  months.  It  was  made  by  another  chemist  working 
Independently,  who  was  unaware  of  the  results  of  analysis  No.  1.  A  comparison 
of  these  two  analyses  shows  that  the  nitric  acid,  aluminum,  and  silica  are 
slightly  greater  In  analysis  No.  2  where  the  water  had  been  allowed  to  stand 
in  the  container  for  a  period  of  six  months.  The  other  figures  are  in  reason- 
ably close  agreement 

A  comparison  of  the  results  given  in  the  table  for  sulphuric  acid  shows, 
with  one  exception,  a  reasonably  close  agreement  This  exception  is  in  the 
case  of  analysis  No.  8.  It  should  be  noted  further,  however,  that  the  results  sub- 
mitted by  No.  8  are  generally  incorrect  and  have  been  largely  omitted  from  the 
general  average.  The  agreement  would  seem  to  indicate  that  the  technique  em- 
ployed in  the  determination  of  sulphates  is  correct  When,  however,  sulphates 
are  high,  accompanied  by  a  high  content  of  sodium,  the  results  for  sulphates 
are  generally  too  low.  This  error  in  the  determination  of  sulphates  was  pointed 
out  by  Allen  and  Johnston,^  and  by  Johnston  and  Adams',  and  it  is  advisable 
for  waters  high  in  these  salts  to  modify  the  method  as  suggested  by  the  latter. 

The  results  for  bicarbonic  acid  vary  to  a  considerable  extent,  but  with  one 
exception  are  within  what  might  be  considered  a  reasonable  agreement  The 
variation  in  this  determination  is  probably  due  to  the  difficulty  in  reading  the 
end  point  with  methyl  orange.  It  has  been  our  experience  that  this  color 
change  probably  causes  greater  difficulty  and  uncertainty  tlian  any  other  de- 
termination.   Part  of  the  difficulty  may  possibly  be  attributed  to  inferior 

^J.  Amer.  Chem.  Soc,  1910,  88 1  688.  •  J.  Amer.  Chem.  Soc.,  1911,  t8:  821 
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metliyl  orange  used,  as  In  our  laboratory  we  hare  had  to  reject  nnmeromt 
samples  of  methyl  orange  before  obtaining  a  supply  reasonably  sensitive  in  its 
reaction. 

The  results  for  the  determination  of  nitric  acid  are  very  unsatisfactory.  It 
will  be  noticed  that  in  the  two  analyses  made  in  this  bureau,  No.  2  some  six 
months  after  No.  1,  the  nitric  acid  had  increased  over  one  part  per  million. 
This  increase  was  probably  due  to  the  nitrification  of  the  small  amount  of 
organic  matter  contained  in  the  Potomac  River  water.  The  results,  however, 
obtained  by  analysts  4,  5,  and  7  are  entirely  unexplainable.  The  variation  ia 
this  determination  seems  to  be  a  very  serious  consideration  when  it  is  remem- 
bered that  in  a  sanitary  analysis  the  Judgment  of  the  character  of  a  water  sup- 
ply is  often  dependent  upon  the  report  on  the  content  of  nitrate.*  It  is  possible 
that  some  of  the  difficulty  may  be  attributed  to  the  use  of  potassium  hydroxid 
as  a  neutralizing  agent  in  the  place  of  ammonium  hydroxid,  as  suggested  by 
Chamot  If  with  this  modification  the  silver  salt  is  not  entirely  removed  in 
the  reaction,  incorrect  results  are  apt  to  occur.  For  this  reason  the  referee  is 
of  the  opinion  that  where  the  use  of  ammonium  hydroxid  is  not  a  serious  ob- 
jection to  general  laboratory  work  nothing  is  to  be  gained  by  the  substitution 
of  potassium  hydroxid  for  ammonium  hydroxid  in  this  determination. 

For  such  a  fundamental  determination  as  chlorln  a  very  close  agreemait 
would  be  expected.  That  such,  however,  is  not  the  case  seems  to  the  referee 
to  be  a  reflection  rather  upon  the  worker  than  upon  the  method.  The  actual 
chlorin  in  the  sample  of  water  is  known  to  be  between  62  and  63  parts  per 
million,  and  that  one  analyst  should  obtain  a  determination  of  73.5  parts  and 
one  other  a  determination  of  69,  and  two  others  determinations  of  67.5  and 
67.4.  respectively,  seems  rather  astonishing.  Using  a  standard  solution  of  silver 
nitrate,  1  cc  equivalent  to  1  mg  of  chlorln,  the  10  parts  per  million  in  excess 
obtained  by  No.  8  is  equivalent  to  a  difference  of  1  cc  in  the  titration  on  100 
cc  of  water,  when  the  total  titration  consumed  only  between  6  and  7  cc.  If 
a  weaker  solution  of  silver  nitrate  is  used,  i.  e.,  1  cc  equivalent  to  0.5  mg 
chlorin,  the  difference  in  the  titration  is  equivalent  to  2  cc.  In  view  of  the 
fact  that  this  weaker  solution  can  be  read  within  0.2  or  0.3  cc  with  accuracy, 
this  variation  would  seem  to  point  to  a  lack  of  care  in  preparing  the  standard 
solution. 

The  figures  for  iron  and  aluminum  are  not  of  very  great  significance  and  are 
approximately  in  agreement  with  the  amount  of  these  elements  known  to  exist 
in  Potomac  River  water.  The  slight  increase  shown  in  analysis  No.  2  over 
that  of  No.  1  is  possibly  to  be  explained  by  contamination  from  the  glass  con- 
tainer, possibly  silica. 

The  determinations  of  calcium  are,  with  the  exception  of  analyses  Nos.  6, 
8,  and  9,  fairly  satisfactory.  It  should  be  noted,  however,  that  No.  9  reports  no 
strontium,  while  it  is  known  that  3.5  parts  per  million  are  present;  if  the 
strontium  is  deducted  from  the  report  on  calcium  it  would  bring  the  results  in 
fairly  close  agreement  with  the  average.  The  determinations  reported  in 
analysis  No.  8  are  high,  but  as  the  strontium  is  low,  it  is  evident  that  the  cal- 
cium figure  is  contaminated  with  strontium.  However,  if  the  known  amount 
of  strontium  were  subtracted,  the  result  for  calcium  would  still  be  high. 
Analysis  No.  6  shows  41.2  parts  of  calcium,  but  no  strontium.  Deducting  the 
3.5  of  strontium  known  to  be  present  from  the  41.2  of  calcium  reported  makes 
the  result  quite  low. 

The  results  on  strontium  are  unsatisfactory  and  are  to  be  attributed,  possibly, 
to  a  lack  of  experience  in  this  determination.  The  water  was  known  to  con- 
tain exactly  8.5  parts  per  million  of  strontium.  It  will  be  noted  that  of  the 
eight  analyses  reporting  the  determination  of  strontium  four  had  to  be  omitted 
from  the  average  because  of  the  wide  variation.    The  method  for  strontium 

is  as  foUows :  nr^r^n]r> 
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Dl880l^  the  aboTe  ozlds  (caldnm  and  strontlQm)  with  dilute  nitric  add 
and  test  with  the  spectroscope  for  strontium.  If  strontium  is  found  transfer 
the  nitric  acid  solution  to  a  small  Erlenmeyer  flask  and  evaporate  to  complete 
dryness  on  the  steam  bath.  Heat  at  150*  to  160*  for  one  or  two  hours  until 
perfectly  dry.  Cool,  add  from  3  to  5  cc  of  a  mixture  of  equal  parts  of  absolute 
alcohol  and  ether.  Corlc  the  flaslc  and  allow  to  stand  for  12  hours,  with  occa- 
sional shaking.  Filter,  wash  with  alcohol  ether  mixture  until  a  few  drops 
of  the  filtrate  evaporated  on  platinum  foil  or  watch  glass  leaves  no  residue. 
Evaporate  the  filtrate  to  dryness.  Dissolve  the  calcium  nitrate  in  water,  pre- 
cipitate as  oxalate,  filter,  wash,  ignite,  and  weigh  as  calcium  oxld. 

Dry  the  paper  and  precipitate.  Dissolve  the  strontium  nitrate  with  a  few 
cubic  centimeters  of  hot  water.  Add  ai  few  drops  of  sulphuric  acid,  then  a 
volume  of  alcohol  equal  to  the  volume  of  the  solution.  Allow  to  stand  12 
hours.  Filter,  Ignite,  and  weigh  as  strontium  sulphate.  Test  spectroscopl- 
cally  for  absence  of  calcium. 

This  method  has  been  very  carefully  studied  in  the  water  laboratory  of  the 
Bureau  of  Chemistry;  It  has,  with  proper  care,  given  most  excellent  results, 
and  Is  considered  much  superior  to  the  older  ammonium  sulphate  method 
originally  proposed. 

The  results  for  magnesium  are  fairly  satisfactory,  with  the  exception  of  the 
figures  reported  in  analyses  Nos.  4  arid  5.  These  results  are  entirely  too  low 
and  have  been  omitted  from  the  average. 

The  data  on  potassium  are  satisfactory,  with  the  exception  of  the  results 
reported  by  analyst  No.  8.  In  view  of  the  peculiar  coincidence  in  the  arrange- 
ment of  the  figures  In  the  report  of  analyst  No.  8,  he  was  communicated  with  to 
determine  If  a  typographical  error  had  been  made.  In  reply  he  stated  that 
the  results  as  reported  were  obtained.  No  explanation  can  be  offered  for  a 
result  of  this  character. 

The  figures  on  sodium  are  satisfactory,  while  those  for  silica  show  slight  vari- 
ations which  may  be  attributed  in  some  cases  to  the  action  of  the  water  upon 
the  container.  Thus  the  increase  from  5.2  to  7.9  between  analyses  Nos.  1  and  2, 
where  it  was  known  that  the  water  had  remained  In  the  glass  container  for  a 
period  of  six  months  Indicates  a  decided  solvent  action  of  the  water  upon  the 
glass. 

Results  of  cooperative  work  on  water. 
[Ions  In  parts  per  million.] 


Analyst. 

Determination. 

No.l. 

No.  2. 

No.  3. 

No.  4. 

Ions. 

Milliinam 
equiva- 

Ions. 

Mlllitn^m 
equiva- 
lent. 

Ions. 

Millicrram 

Ions. 

Milligram 
eoulva. 

Sulnhurlc  acid  ^804^ 

72.0 

173.3 

3.2 

62.0 

.2 

.5 

40.8 

3.4 

19.3 

12.4 

62.4 

6.2 

-1.499 
-2.8^1 
-  .052 
-1.748 
+  .Oil 

72.1 
181.4 

4.4 

62.6 

.4 

1.7 
40.3 

3.1 
19.2 
12.9 
61.6 

7.9 

-1.5^1 
-2.973 
-  .071 
-1. 762 
+  .021 

73.2^ 

178. '^2 

4.64 

62.76 

.50 

-1.526 
-2.9:4 
—  .073 
-1.770 
+  .027 

71.8 

ir>1.6 

U1.26 

66.2 

1.0 

.0 

39.4 

»1.9 

»13.19 

13.26 

49.45 

4.0 

—1.495 

Bicarbonic  acid  (HCOi) 

Nitric  acid  (NOi) 

Chiorin(Cl) 

-3.304 
-  .181 
—1.839 

Iron(Fe) 

Aluminum  (.\l) 

+  .064 

Calcium  (Ca)..l 

+2.035 
+  .078 
+1.587 
+  .317 
+2.278 

+2.010 
+  .071 
+1.579 
+  .330 
+2.243 

42.24 
2.51 
19.80 
12.79 
64.47 
4.32 

+2.107 
+  .a57 
+1.628 
+  .327 
+2.368 

+1.966 

Strontium  (Sr) 

Magnesium  (Mg) 

+  .043 
+1.085 

Pouissium  (K) 

+  .339 

Sodium  (Na).l 

+2.150 

Silica  (SiOi) 

Total        

444.7 

457.5 

455.59 

472.05 

Sam  of  plus  milligram  equiva- 
lents   

+6.306 

-6.140 
+  .166 

+6.264 

-6.807 
-  .063 

+6.614 

-6.292 
+  .222 

+6.695 

Bum  of  minus  milligram  equlva^ 
lents 

-6.819 

TVffTflrftnnft 

-1.124 

I  Omitted  from  average. 
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Results  of  cooperative  work  on  trafcr— Continued. 


Determination. 


Sulptaurio  acid  (SOO 

Bicarbonioarld  (HCOs).. 

Nitric  acid  (NO.) 

Chlorin(Cl) 

Iron(Fe) , 

Aluminum  ( Al) , 

Calcium  (Ca) 

Strontium  (8r). 


Magnesium'  (Mg). 


Potassium  , 
Bodium  (Na) 
BiUca  (SiOt). 

Total. 


Sum  of  plus  milligram  equiva- 
lents     

Sum  of  minus  milligrara  equiva- 
lents  

Difference 


Analyst. 


No.  5. 


Ions. 


72.8 
176.9 
tl.4 
67.6 


40.6 
U.6 
U4.9 
11.7 
54.1 
4.8 


447. 40 


Mllliffram 

equTva- 

fent 


-1.510 
-2.900 
-  .022 
-1.904 
+  .018 


+2.025 
+  .036 
+1.225 
+  .299 
+2.352 


+5.955 

-6.342 
-  .387 


No.  6. 


Ions. 


72.00 

175.56 

3.18 

62.50 

.40 


41.22 
.00 
18.95 
13.65 
51.45 
6.85 


145.76 


MlUii 


Jleram 


-1.499 
-2.878 
-  .051 
-1.762 
+  .021 


+2.056 
.000 
+1.558 
+  .349 
+2.237 


+6.221 

-6.190 
+  .031 


No.  7. 


Ions. 


73.0 

178.4 

t.29 

67.4 

.91 


37.3 
>5.3 
18.3 
12.4 
54.1 
6.7 


453.10 


MiUicram 

equiva- 

lant 


-1.520 
-2.924 
-  .005 
-1.901 
+  .049 


+1.861 
+  .121 
+1.505 
+  .317 
+2.352 


+6.205 

-6.350 
-  .145 


No.  8. 


Ions. 


»77.46 

173.85 

4.25 

173.50 

.65 

.35 

46.53 

U.67 

17.15 

21.97 

48.61 

7.33 


473.32 


MUlii^ram 

equiva- 

tent 


-1.612 
—2.850 
-  .068 
—2.073 
+  .035 


+2.321 
+  .038 
+1.410 
+  .562 
+2.113 


+6.479 


-6.603 
-  .124 


Determination. 


Analyst. 


No.  9. 


Ions. 


Milligram 
equiva- 
lent. 


No.  10. 


Ions. 


Mlllii^ra 
equiva- 
lent. 


Extremes  and  means. 


Highest. 


Lowest. 


Average. 


Sulphuric  acid  (SO*) 

Bicarbonica^id(HCOi). 

Nitric  acid  (NOi) 

ChlorinfCl) 

Iron(Fe) 

A luminum  (A  1) 

Calcium  (Ca) 

Strontium  (Sr) 

Ma^esium  (Mg) 

Potassium  (K) 

Sodium  (Na) 

Silica  (SiOi) 


72.9 
1  188.4 


-1.518 
-3.088 


63.93 

.22 

.59 

»  45. 10 


-1.803 
+  .012 


71.61 

176.90 

4.37 

60.15 

.66 


-1.491 
-2.9^ 
-  .070 
-1.950 
+  .035 


+2.251 


17.84 
12.86 
50.93 
3.8 


+1. 467 
+  .329 
+2.216 


41.09 
2.95 
19.33 
11.27 
52.70 
4.80 


+2.050 
+  .067 
+1.590 
+  .288 
+2.291 


73. 

184. 

4. 

69. 


42. 

3. 
19. 
13. 
54. 

7. 


71.61 
173.3 
3.18 
62.0 


37.3 
2.51 
17.15 
11.27 
48.61 
3.8 


72-4 

178.9 

3.9 

65.6 

1.2 

39.8 
3.0 
18.5 
12.5 
51.5 
6.8 


Total. 


4'>C.G2 


454.83 


Sura  of  plus  milligram  equiva- 
lents      

Sum  of  minus  milligram  equiva- 
lents  

Difference 


+6.275 

-6.409 
-  .134 


+6.321 

-6.^11 
-  .090 


475.0 


431.13 


453. 1 


1  Omitted  from  average. 

In  order  to  show  the  balance  of  each  analysis  and  bring  out  more  clearly 
the  variations  in  the  comparison,  there  has  been  included  in  the  table  the 
milligram-equivalent  of  each  determination  with  its  proper  sign.  If  the  anal- 
ysis Is  properly  balanced,  that  is,  if  the  basic  and  acid  elements  are  in  proper 
proportion,  the  difference  between  the  plus  and  minus  equivalents  should  be 
small.  The  obtaining  of  this  balance  in  equivalents  is  a  useful  method  when 
properly  employed  for  detecting  possible  errors  in  a  complete  mineral  analysis. 

It  also  gives  more  clearly  a  thorough  api>reciatlon  of  the  error  of  the  analysis. 
Thus,  by  referring  to  the  chart,  it  will  be  noticed  that  the  errors  in  analyses 
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Nob.  1  and  2  were  +0.166  and  —0.063,  respectively.  This  Indicates  tliat  the 
algebraic  sum  of  the  errors  in  analysis  No.  1  is  equivalent  to  approximately 
1.35  per  cent,  and  the  sum  of  the  errors  in  analysis  2  Is  equivalent  to  an 
error  of  approximately  0.41  per  cent  Such  balances  are  to  be  considered  very 
satisfactory  In  water  of  a  mineralization  similar  to  this.  An  inspection  of  the 
chart  will  show  that  analysis  No.  4  Is  seriously  out  of  balance  and  should, 
therefore,  be  entirely  rejected  from  consideration.  In  the  statement  of  the 
general  averages  and  also  of  the  maximum  and  minimum  figures,  however, 
the  results  of  No.  4  have  been  omitted  only  where  they  are  shown  to  ba  very 
wide  in  their  variation  from  the  other  determinations.  While  a  large  plus  or 
minus  difference  in  the  algebraic  sum  of  the  equivalents  indicates  that  there  is 
a  serious  error  in  the  analysis,  a  slight  difference  does  not,  on  the  contrary, 
always  indicate  that  the  analysis  is  correct,  because  it  is  entirely  possible  for 
the  errors  to  occur  In  such  manner  as  to  compensate  for  each  other.  Thus,  in 
analysis  No.  8,  in  which  5  of  the  12  determinations  had  to  be  omitted  from  the 
general  average  because  of  the  wide  variation,  it  is  noted  that  the  difference 
is  only  —0.085  in  the  balance  of  the  equivalents. 

The  results  of  the  cooperative  work  this  year,  as  a  whole,  are  decidedly  an 
improvement  over  those  obtained  last  year.  While  numerous  results,  and  In 
two  instances  almost  the  entire  analysis,  had  to  be  omitted  from  consideration, 
the  reports  are  fairly  satsfactory  and  indicate  that  experience  with  the  methods 
Is  all  that  Is  necessary  to  obtain  accurate  results.  While  collaborative  work 
is  to  some  extent  a  test  of  the  men  doing  it,  the  primary  objectt  of  course,  is  to 
arrive  at  a  correct  estimate  of  a  proposed  method.  It  is  of  the  highest  impor- 
tance, therefore,  that  the  work  submitted  has  received  that  painstaking  care 
which  its  importance  warrants. 

Recommendations. 

It  is  respectfully  recommended  that  the  methods  for  water  analysis  proposed 
in  Circular  52  be  adopted  as  provisional  methods  of  the  association. 

[The  following  modifications  of  these  methods  as  printed  In  Circular  52  are 
offered  for  adoption  in  1912.] 

Modified  Methods  fob  the  Analysis  of  Mineral  Wate30. 

1.  total  salts  in  80LX7TION. 

[As  In  Circular  52,  page  6.] 

2.  LOSS  ON  IGNITION. 

[As  In  Circular  62,  page  6.] 

3.   SILIOAf  IBON,  ALUMINUM,   MANGANESE,   OALOIUM,   8TB0NTIUM,   MAGNESIUM. 

A  preliminary  examination  should  be  made  using  from  100  to  250  cc  of  water 
to  determine  the  quantity  of  calcium  and  magnesium  present,  which  determines 
the  quantity  of  water  to  be  evaporated  for  the  final  analysis. 

(a)  BUica. 

Evaporate  such  quantity  of  the  water  that  the  weight  of  calcium  oxid  will  be 
from  OJl  to  0.6  gram  or  the  weight  of  magnesium  pyrophosphate  0.1  to  1.0 
gram.  Acidi^  the  quantity  of  water  (usually  from  1  to  5  liters)  with  hydro- 
chloric add  and  evaporate  to  dryness  in  a  platinum  dish ;  continue  the  drying 
on  the  water  bath  for  abont  1   hour.     Drench  the  residue  with   hydro- 
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chloric  acid  (usually  6  to  15  cc  are  sufficient).  Allow  to  stand  10  to  15  min- 
utes and  add  sufficient  water  to  bring  the  salts  into  solution.  Heat  on  the 
steam  bath  until  solution  of  the  salt  is  effected.  Filter  and  wash  thoroughly 
with  hot  water.  This  removes  most  of  the  silica.  Evaporate  the  filtrate  to 
dryness;  take  up  with  5  or  10  cc  of  hydrochloric  acid  and  sufficient  water  as 
before.  Heat,  filter,  and  wash  thoroughly  with  hot  water.  The  filtrate  is 
solution  A.  Transfer  the  two  residues  to  a  platinum  crucible,  ignite,  blast, 
and  weigh.  Moisten  the  contents  of  the  crucible  with  a  few  drops  of  water; 
add  a  few  drops  of  sulphuric  acid  and  a  few  cubic  centimeters  of  hydrofluoric 
acid  and  evaporate  on  the  water  bath  under  a  good  hood.  Repeat  the  treatment 
if  all  silica  is  not  volatilized.  Dry  carefully  on  a  hot  plate,  ignite,  blast,  and 
weigh.  The  difference  is  silica.  The  residue  In  the  crucible,  usually  alumina 
and  iron  oxid,  is  added  to  the  total  iron  and  aluminum  oxids  later  in  the 
analysis. 

(&)  Iron  and  aluminum. 

Concentrate  solution  A  to  about  200  cc;  while  still  hot  add  ammonium  hy- 
droxid  slowly  with  .constant  stirring  until  it  can  be  faintly  smelled  coming  off 
from  the  solution.  Boil  the  solution  until  the  smell  of  ammonia  has  nearly 
but  not  quite  disappeared.  Filter  and  wash  two  or  three  times  with  hot  water. 
Dissolve  the  precipitate  in  hot  hydrochloric  acid.  Make  to  a  volume  of  approxi- 
mately 25  cc,  boll  and  again  precipitate  with  ammonium  hydroxid ;  filter,  wash 
thoroughly  with  hot  water,  dry,  ignite,  and  weigh  as  iron  and  aluminum  oxids.* 
The  filtrate  Is  solution  B. 

(c)  Iron. 

Fuse  the  residue  of  iron  and  aluminum  oxids  with  fused  potassium  hydrogen 
sulphate.  This  fusion  takes  but  a  few  minutes  and  must  not  be  continued 
beyond  the  time  actually  needed.  When  the  fusion  is  complete  It  is  set  aside 
and  allowed  to  cool.  Add  dilute  sulphuric  acid  and  heat  the  crucible  until  the 
fusion  is  dissolved.  Evaporate  on  the  water  bath  as  far  as  possible ;  then  heat 
gradually  until  fumes  of  sulphuric  acid  come  off  copiously.  Dissolve  In  water 
and  allow  to  stand  on  the  water  bath.  Cool  the  solution,  transfer  to  an  Erlen- 
meyer  fiask,  and  make  up  to  such  a  volume  that  it  does  not  contain  more  than 
2.5  per  cent  of  free  sulphuric  acid.  Hydrogen  sulphid'  is  passed  through  the 
solution  reducing  the  iron  and  precipitating  the  platinum  contaminating  the 
residue  from  the  fusion.  Filter  and  wash.  Again  pass  through  the  solution 
hydrogen  sulphid.  Be  sure  that  all  the  iron  is  reduced.  Next  expel  the  hydrogen 
sulphid  by  boiling,  but  at  the  same  time  pass  through  the  solution  a  current  of 
carbon  dloxld,  the  removal  of  all  hydrogen  sulphid  being  found  by  occasionally 
testing  the  escaping  gas  with  lead  acetate  paper.  When  hydrogen  sulphid  has 
been  removed  boiling  is  discontinued,  the  flask  allowed  to  cool  somewhat 
without  discontinuing  the  current  of  carbon  dioxid.  The  reduced  iron  is  then 
titrated  with  a  standard  permanganate  solution  and  calculated  as  iron. 

If  the  amount  of  iron  is  less  than  1  mg  it  may  be  determined  colorimetrically, 
as  follows: 

Fuse  the  ignited  precipitate  of  iron  and  aluminum  oxids  with  potassium 
hydrogen  sulphate,  dissolve  in  water,  and  precipitate  the  iron  and  aluminum 
with  ammonium  hydroxid.  Dissolve  the  precipitate  from  the  filter  paper  in 
hydrochloric  and  nitric  acids,  dilute  the  solution,  add  ammonium  sulphocyanate, 
and  compare  the  color  developed  with  that  of  calibrated  color  disks,  or  standards 
containing  known  amounts  of  iron. 

(d)  Aluminum. 

Subtract  the  iron  found  as  oxid  from  the  original  weight  of  iron  and  alumi- 
num oxid,  which  in  the  absence  of  phosphates  gives  the  weight  of  aluminum 
oxid.    Calculate  to  aluminum. 

(e)  Colorimeirio  determination  of  manganese. 

To  from  50  to  100  cc  of  the  water  in  a  beaker  add  about  1  cc  of  strong  nitric 
acid  and  approximately  0.02  gram  of  silver  nitrate  (10  cc  of  a  solution  of  2 

^  This  l8  in  tb«  absence  of  phosphates.    If  phosphoric  add  is  present  In  smaU  amoonts 
It  is  precipitated  with  the  iron  and  alamlnum. 
P  Zinc  may  be  used  Instead  of  hydrogen  sulphid  for  rsdndng  the  iron. 
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grams  per  liter).  If  a  precipitate  of  silver  chlorid  appears,  more  silver  nitrate 
must  be  added  until  the  chlorin  is  precipitated  and  as  much  as  0.02  gram  of 
silver  nitrate  remains  in*  solution.  Filter  from  the  silver  chlorid,  add  1  gram 
of  ammonium  persulphate  to  the  filtrate,  and  place  the  bealser  or  flask  con- 
taining the  solution  on  the  steam  bath  until  a  plnls  color  develops  (usually 
about  20  minutes).  Compare  the  color  developed  with  standards  prepared 
by  treating  with  nitric  acid  and  ammonium  persulphate  solutions  containing 
known  amounts  of  manganese.  To  prepare  a  standard  solution  of  manganese 
sulphate,  weigh  out  0.2877  gram  of  pure  potassium  permanganate,  dissolve  in 
a  small  amount  of  water,  and  add  an  excess  of  sulphuric  acid ;  carefully  reduce 
with  oxalic  acid  and  make  up  to  1  liter;  1  cc  of  this  solution  contains  0.0001 
gram  of  manganese.  If  only  a  small  quantity  of  manganese  is  present,  deter- 
mine it  in  the  sodium  carbonate  precipitate  which  was  extracted  for  bromin, 
iodin,  arsenic,  and  boron  (as  given  on  p.  9,  Bureau  of  Chemistry  Circular  52). 
Dissolve  the  precipitate  in  nitric  acid  and  treat  with  silver  nitrate  and  ammo- 
nium persulphate,  as  given  above. 

(/)  Calcium,  strontium,  magnesium. 

Concentrate  solution  B  to  about  150  or  2(X)  cc,  and  to  this  solution  containing 
not  more  than  0.6  gram  of  calcium  oxid  or  1  gram  of  magnesium,  calculated 
as  pyrophosphate,  add  from  1  to  2  grams  of  oxalic  acid*  and  sufficient  hydro- 
chloric acid  to  clear  the  solution.  Heat  to  boiling  and  neutralze  with  ammo- 
nium hydroxid,  constantly  stirring.  Add  ammonium  hydroxid  in  slight  excess 
and  allow  to  stand  for  three  hours,  preferably  in  a  warm  place.  Filter  off  the 
supernatant  liquid  and  wnsh  the  precipitate  by  decantation  once  or  twice  with 
cold  water.  Dissolve  precipitate  with  hydrochloric  acid,  dilute  to  from  100  to 
200  cc,  add  a  little  oxalic  acid,  and  precipitate  as  before.  After  standing 
three  hours  fllter,  wash  with  cold  water,*  dry,  ign'te,  and  blast  and  weigh  as 
calcium  and  strontium  oxids.    The  flitrate  and  washings  are  solution  C. 

Dissolve  the  above  oxlds  with  dilute  nitric  acid  and  test  w'th  the  spectro- 
scope for  strontium.  If  strontium  is  found,  transfer  the  nitric-acid  solution 
to  a  small  Erlenmeyer  flask  and  evaporate  to  complete  dryness  on  the  steam 
bath.  Heat  at  150*  to  160**  C.  for  one  or  two  hours  until  perfectly  dry.  CkK)l, 
add  from  3  to  5  cc  of  a  mixture  of  equal  pnrts  of  absolute  alcohol  and  ether. 
Cork  the  flask  and  allow  to  stand  for  12  hours,  with  occasional  shaking.  Filter, 
wash  with  alcohol-ether  mixture  until  a  few  drops  of  the  filtrate  evaporated  on 
platinum  foil  or  watch  glass  leaves  no  residue. 

Dry  the  paper  and  precipitate.  Dissolve  the  strontium  nitrate  with  a  few 
cubic  centimeters  of  hot  water.  Add  a  few  drops  of  sulphuric  acid,  then  a 
volume  of  alcohol  equal  to  the  volume  of  the  solution.  Allow  to  stand  12 
hours.  Filter,  ignite,  weigh  as  strontium  sulphate,  and  calculate  to  strontium. 
Test  spectroscoplcally  for  absence  of  calcium.  Subtract  from  the  total  oxids 
of  strontium  and  calcium  the  strontium^oxid  equivalent  to  the  strontium  sul- 
phate found.  The  difference  is  calcium  oxid.  (Calculate  to  calcium.  As  a  check 
on  the  calcium  oxid,  evaporate  to  dryness  the  filtrate  from  the  strontium 
nitrate,  dissolve  the  calcium  nitrate  in  water,  precipitate  as  oxalate,  filter,  wash. 
Ignite,  and  weigh  as  calcium  oxid. 

(g)  Magnesium. 

Concentrate  solution  C  to  about  200  cc,  add  from  2  to  3  grams  of  di-ammonlum 
hydrogen  phosphate'  and  sufficient  hydrochloric  acid  to  clear  the  solution  when 
the  ammonium  phosphate  Is  all  dissolved;  when  cold  ma^e  slightly  alkaline 
with  ammonium  hydroxid,  constantly  stirring.  Add  1  to  2  cc  excess  of  am- 
monium hydroxid.  Allow  to  stand  overnight  Filter  off  the  supernatant  liquid 
and  wash  three  or  four  times  by  decantation  with  2.5  per  cent  of  ammonium 
hydroxid.  Dissolve  the  precipitate  in  hydrochloric  acid.  Dilute  to  about  150  cc. 
Add  a  little  dl-ammonlum  hydrogen  phosphate  and  precipitate  with  ammonium 
hydroxid  as  before.  Allow  to  stand  overnight,  filter,  wash  free  from  chlorids, 
l^te,  blast,  and  weigh  as  magnesium  pyrophosphate ;  calculate  to  magnesium. 

lUfoally  two  or  three  washlnffs  are  Boffldent.    Owtog  to  the  solubility  of  strontliim 
oxalate  exeeeeive  washlog  gives  low  resnlts. 
'  TMiorttnm  hydrogen  phosphate  or  sodium  smmontnm  hydrogen  phosphate  may  be  used. 
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4.  8X7LPHT7CIO  ACID,  SODIUM,  POTASSIUM,  UTBiUM* 

(a)  Sulphuric  acid. 

A  prellmlDary  examination  should  be  made,  using  from  100  cc  to  250  cc  of 
tlie  water  to  determine  the  quantity  of  sulphates.  The  ailsali  salts  present  can 
be  approximated  by  calculating  the  amount  of  sodium  necessary  to  combine 
with  the  excess  of  acids  (chlorin,  sulphuric,  and  blcarbonic  acid)  over  the  cal- 
cium and  magnesium. 

Evaporate  such  a  quantity  of  the  water  that  the  weight  of  barium  sulphate 
will  not  exceed  1  gram  and  the  weight  of  the  mixed  chlorids  will  not  exceed 
0.5  gram.  Acidify  the  quantity  of  water  (usually  from  1  to  5  liters)  with 
hydrochloric  acid.  Evaporate  to  dryness  in  a  platinum  dish  and  remove  silica 
by  two  evaporations  as  under  3  (a),  page  77.  using  not  more  than  2  cc  of  hydro- 
chloric acid  for  the  final  solution.  Combine  filtrate  and  washings  from  the 
silica  determination.  Conceotrate  to  about  150  to  200  cc.  Heat  to  boiling  and 
precipitate  with  slight  excess  of  10  per  cent  barium  chlorid,  added  very  slowly, 
drop  by  drop,  constantly  stirring.  Cover  and  allow  to  stand  on  the  steam  bath 
overnight  Filter,  thoroughly  wash  the  precipitate  of  barium  sulphate  with 
hot  water,  dry.  ignite  over  Bunsen  burner,  and  weigh.  Calculate  to  sulphate 
(SO4).  Thd  filtrate  Is  solution  E. 
% 

(h)  Sodium,  potassium,  lithium. 

Evaporate  solution  E  to  dryness  in  a  platinum  dish  and  ignite  the  residue  to 
a  very  low  redness  to  remove  all  traces  of  ammonium  salts.  Dissolve  the 
residue  In  the  dish  with  about  200  cc  of  water  and  precipitate  with  milk  of 
lime  or  a  solution  of  barium  hydros  id.  Boil,  pIIow  to  stand  half  an  hour,  and 
filter  off  the  insoluble  magnesium  hydroxid.  Thoroughly  wash  the  precipitate 
with  hot  water  and  combine  the  filtrate  and  washings.  If  the  precipitate  of 
magnesium  is  large,  it  is  advisable  to  dissolve  in  a  small  amount  of  hydro- 
chloric acid,  evaporate  to  dryness,  take  up  with  water,  and  again  precipitate 
with  milk  of  lime  or  barium  hydroxid  as  before.  Concentrate  the  two  filtrates 
and  washings  to  about  200  or  250  cc.  Add  ammonium  hydroxid  and  a  suf- 
ficient quantity  of  ammonium  carbonate  to  precipitate  calcium  and  barium. 
Allow  to  stand  on  a  steam  bath  for  from  one  to  two  hours.  Filter  off  the 
supernatant  liquid,  dissolve  in  hydrochloric  acid,  and  precipitate  as  before  and 
thoroughly  wash  with  hot  water.  Evaporate  filtrate  and  washings  to  dryness, 
dry  and  drive  off  the  ammonium  salts  by  gentle  heat  Take  up  the  residue 
with  water;  filter  through  a  small  filter,  using  as  little  wash  water  as  pos- 
sible; evaporate  to  a  small  volume  and  again  precipitate  with  a  drop  or  two  of 
ammonium  hydroxid  and  two  or  three  drops  of  ammonium  carl)onate  and 
oxalate.  If  any  precipitate  appears  (which  is  not  usually  the  case),  filter  and 
repeat  the  process.  Evaporate  the  filiate  to  dryness  and  drive  off  all  ammo- 
nium salts  by  heating  in  platinum  to  a  little  below  redness.  Take  up  the 
residue  with  a  little  water,  filter  into  a  small  platinum  dish,  add  a  few  drops 
of  hydrochloric  acid,  and  evaporate  to  dryness.  Dry  in  an  oven,  heat  to  a 
little  below  redness,  cool  in  a  desiccator,  and  weigh  the  combined  chlorids  of 
potassium,  sodium,  and  lithium.  Repeat  the  heating  to  constant  weight.  Dis- 
solve the  mixed  chlorids  with  hot  water,  filter,  and  wash.  Return  the  filter 
paper  and  small  amount  of  residue  usually  found  to  the  dish,  dry,  ignite,  and 
weigh.  The  difference  between  the  original  weight  of  mixed  chlorids  and  dish, 
and  the  weight  of  dish  and  small  amount  of  residue  equals  the  mixed  chlorids. 
The  combined  chlorids  are  transferred  to  a  small  Erlenmeyer  flask  (60  or  100 
cc  capacity)  and  the  solution  evaporated  nearly,  but  not  quite,  to  dryness.  Add 
about  80  cc  of  redistilled  amyl  alcohol.  Connect  flask,  stopper  of  which  carries 
a  thermometer,  with  a  condenser  ^  and  boil  until  the  temperature  rises  approxi- 
mately to  the  boiling  point  of  amyl  alcohol  (IdO""  C),  showing  that  all  the  wat^ 
has  been  driven  off.  Cool  slightly  and  add  a  drop  of  hydrochloric  acid  to  convot 
small  amounts  of  lithium  hydroxid  to  lithium  chlorld.  Connect  with  the  con- 
denser and  continue  the  boiling  to  drive  off  again  all  water  and  until  the  tem- 
perature reaches  the  bollhig  point  of  amyl  alcohol.  The  content  of  the  flask 
at  this  time  is  usually  from  15  to  20  cc    Filter  through  a  small  paper  or  a 

1  Tbe  amyl  alcohol  may  bs  boiled  off  without  the  use  of  a  eoadanser,  but  the  Tspors  an 
very  disagreoaMs. 
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Gooch  crucible  Into  a  graduated  cylinder  and  note  exact  quantity  of  filtrate 
which  determines  the  subsequent  correction.  Wash  the  precipitate  with  small 
quantities  of  dehydrated  amyl  alcohol.  Bvapornte  the  filtrate  and  wash- 
ings in  a  platinum  dish  to  dryness  on  the  steam  bath,  dissolve  the  residue  In 
water,  and  add  a  few  drops  of  sulphuric  acid.  Evaporate  on  a  steam  bath  and 
expel  the  excess  of  sulphuric  acid  by  gentle  hesxt  over  a  fl  ime.  Repeat  until 
carbonaceous  matter  is  completely  burned  off.  Cool  and  weigh  the  dish  and 
contents.  Dissolve  In  a  small  quantity  of  hot  water,  filter  through  a  small 
filter,  wash  and  return  filter  to  dish ;  ignite  and  weigh.  The  difference  between 
the  original  weight  of  dish  and  contents  and  the  weight  of  the  dish  and  small 
amount  of  residue  equals  the  weight  of  impure  lithium  sulphate.*  From  this 
weight  subtract  0.00113  gram  for  every  10  cc  of  amyl  alcohol  filtrate*  on  ac- 
count of  tte  solubility  of  sodium  and  potassium  chlorlds  in  amyl  alcohol. 
Calculate  lithium  from  the  corrected  weight  of  lithium  sulphate.  Dissolve  the 
mixed  chlorlds  fi-om  flask  and  filter  with  hot  water,  evaporate  to  dryness,  ignite 
gently  to  remove  amyl  alcohol,  filter  and  thoroughly  wash;  concentrate  the  fil- 
trates and  wasfcings  to  from  25  to  50  cc.  Transfer  to  a  porcelain  dish  and 
add  platinic  chlorid  solution  sufficient  to  convert  sodium  and  potassium  to 
platinic  chlorlds  and  evaporate  to  dryness.  Treat  the  residue  with  80  per  cent 
alcohol  and  filter  and  continue  washing  until  the  excess  of  platinum  chlorid 
and  sodium  platinic  chlorid  has  been  removed. 

Dry  the  filter,  dissolve  the  residue  with  hot  water,  and  transfer  to  a  weighed 
platinum  dish.  Evaporate  on  the  steam  bath,  dry  in  the  oven  at  lOO**  C.  for 
80  minutes  and  weigh  as  potassium  platinic  chlorid:  calculate  to  potassium 
chlorid.  To  the  weight  of  potassium  chlorid  add  0.00051  gram  for  every  10  cc 
of  amyl  alcohol  used  in  the  extraction  of  the  lithium  chlorid,  which  corrects 
for  the  solubility  of  the  potassium  chlorid  in  amyl  alcohol.  Caiculale  to  potas- 
sium. 

The  weight  of  sodium  chlorid  is  found  by  subtracting  the  combined  weights 
of  lithium  chlorid  and  potassium  chlorid  (corrected)  from  the  total  weight  of 
the  three  chlorlds.    Calculate  sodium  chlorid  to  sodium. 

5.  PHOSPHOBIO  ACID. 

[As  in  Circular  52,  p.  8.] 

6.   CHLORIN.' 

# 

To  100  cc  of  the  water  add  a  few  drops  of  phenolphthaleln.  If  a  red  color  is 
shown  titrate  the  carbonates  thus  indicated  to  bicarbonates  with  tenth  or 
twentieth-normal  sulphuric  acid.  (Add  at  the  rate  of  a  drop  every  few  seconds 
until  the  red  color  disappears.)  Add  1  cc  of  iwtassium  chromate  solution* 
(in  the  beginning  if  a  red  color  is  not  shown  with  phenolphthalein)  and  titrate 
the  chlorlds  with  a  standard  solution  of  silver  nitrate  (1  cc=l  mg  of  chlorin). 
If  iodids  and  bromids  are  found  make  the  equivalent  correction.  If  sufficient 
chlorlds  are  present  to  consume  more  than  25  cc  of  the  standard  silver  nitrate 
for  100  cc  of  the  wa'er,  they  should  be  determined  by  precipitating  in  nitric 
acid  solution  and  weighing  the  silver  chlorid  found. 

7.  Nrraic  acid.' 

Transfer  to  a  porcelain  dish  100  cc  of  the  water  or  if  the  nitrates  are  high, 
such  a  volume  rs  will  contain  about  1  mg  of  nitrogen.  Add  sufficient  twentie  h- 
normal  sulphuric  acid  to  nearly  but  not  quite  neutralize  all  the  alkalinity. 
Add  standard  silver  sulphate  free  from  nitrate  (4.3909  grams  per  liter,  1  oe 
equals  1  cc  of  standard  silver  nitrate  solution  equals  1  mg  of  chlorin  per 

^The  purity  of  the  lithium  sulphate  should  be  tested  bv  adding  small  amounts  of  am- 
monium phosphate  and  ammonium  hydroxid.  which  will  precipitate  anv  magnesium 
present  with  the  lithium  sulphate.  Any  precipitate  appearing  after  standing  overnight 
should  be  collected  on  a  small  filter  and  weighed  as  magnesium  pyrophosphate,  calculated 
to  sulphate  and  subtracted  from  the  weight  of  Impure  lithium  sulphate. 

*  Exclusive  of  the  amyl  alcohol  used  in  washing  residue  because  of  the  alight  solubility 
of  solid  mixed  chlorlds  in  arayl  alcohol.  • 

*  Substitute  for  chlorin  method  given  in  Clr.  52.  p.  6. 

*  Dissolve  5  grams  of  potassium  cbmmate  in  100  cc  of  distilled  water,  add  a  solution 
of  silver  nitrate  till  a  slight  permanent  red  precipitate  is  produced.  After  standing  aev- 
eral  days  siphon  off  the  clear  solution. 

*  Substitute  for  the  method  given  in  Clr.  62,  p.  4. 

83547*— Bull.  152—12 6 
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cubic  centimeter)  precipitating  all  bnt  about  0.0  mg  of  the  chlorin.  Heat  to 
boiling,  allow  to  settle,  or  add  a  little  cluminum  cream,  filter  and  wash  with 
small  amounts  of  hot  water.  Evaporate  the  filtrate  to  dryness  In  porce- 
lain; when  cold  rdd  2  cc  of  disulplionlc  rcld*  leafjent,  rubbing  with  a  glass 
rod  to  insure  intimate  contact  Dilute  with  distilled  water  and  add  slowly 
ammonium  hydroxid  until  the  maximum  color  is  developed.  Transfer  to  a 
colorimetric  cylinder,  filtering  if  necessary,  and  compare  with  a  standard  potas- 
sium ni  rate  solution  (containing  0.01  mg  nitrate  in  1  cc)  which  has  been 
treated  in  like  manner  with  phenol  disulphonic  add  reagent  Ck)mpare  in  the 
usual  manner  and  record  as  nitrogen  in  the  form  of  nitrates. 

8.  FREE  AND  ALBUMINOID  AMMONIA.' 

Connect  a  large  flask  of  about  1.?  liters  capacity  with  an  upright  bulb  con- 
denser by  menus  of  a  rather  large  glass  rube  and  a  soft  rubber  stopper  or  a 
recen  ly  extracted  cork  stopper.  Place  In  the  flask  5  cc  of  a  concentrated  solu- 
tion of  sodium  carbonate  and  500  cc  of  ammonia-free  water.  Distil  off  in  50-cc 
Nessler  jrrs  until  no  further  traces  of  ammonia  are  obtained,  and  continue 
the  distillation  until  the  solution  in  the  flask  has  been  reduced  to  al)out  200 
cc  CJool  slightly,  add  500  cc  of  the  water  under  examination,  and  distil'  into 
60  cc  Nessler  jars  until  ammonia  ceases  to  be  given  off.  Pour  or  five  Jare 
are  usually  sufficient  Nessl<^rize  and  compare  the  depth  of  color  with  other 
jars  containing  known  amounts  of  standard  ammonium  chlorid  solution  (0.01 
mg  of  ammonia  (NHs)  in  1  cc)  made  up  to  50  cc  with  ammonia-free  water  and 
Nesslerized  in  a  similar  manner.  Report  as  ammonia  (NH«).  Cool  the  flask 
and  add  50  cc  of  recently  boiled  permanganate  solution  (prepared  by  dissolving 
200  grams  po^^assium  hydroxid  and  8  grams  of  potassium  permanganate  in  1 
liter).  Distil*  off  into  50-cc  Nessler  jars  until  ammonia  ceases  to  come  off. 
Nesslerize  and  compare  in  a  similar  manner  as  for  the  determination  of  free 
ammonia. 

9.   BBOMIN,  lODIN,  ARSENIC,  AND  BOBON. 

[Circular  52,  pp.  9.  10,  and  11,  unchanged.] 

10.  OABBONIO    (COs)    AND  BICARBONIO    (HCOs)    ACIDS. 

To  100  cc  of  the  water  add  a  few  drops  of  phenolphthaleln  and  if  a  pink 
color  is  produced  titrate  with  twentieth^normal  acid  potassium  sulphate  or  sul- 
phuric acid,  adding  a  drop  every  two  or  three  seconds,  until  the  red  color  has 
disappeared.  Multiply  by  the  factor  0.003,  which  gives  the  grams  of  carbonic 
acid  in  100  cc.  To  the  colorless  solution  from  this  titration  or  to  the  original 
solution  if  no  color  is  produced  with  phenolphthaleln,  add  one  or  two  drops  of 
methyl  orange  and  continue  the  titration  without  refilling  the  bure  te  and  note 
the  total  reading.  If  carbonic  acid  is  absent,  multiply  the  total  burette  reading 
by  tlie  factor  0.00305,  which  gives  tl  f.  value  of  blcarbonic  acid  in  grams  per 
100  cc.  If  carbonic  acid  is  present,  multiply  the  reading  with  phenolphthaleln 
by  2  and  subtract  from  the  total  rending  of  the  burette.  Multiply  the  difference 
by  the  factor  0.00305,  which  gives  the  blcarbonic  acid  in  grams  per  100  cc. 
Multiply  the  result  by  10  to  convert  to  grams  per  liter, 

11.   FREE   CARBON  DIOXID. 

[As  In  Circular  52,  p.  11.] 

12.   METHOD  or  REPORTING  RESULTS. 

[As  in  Circular  62,  p.  12.] 

>  Prepared  by  dlsRolvtnff  25  jrramR  of  pure  white  phonol  in  150  cc  of  chemically  pure 
sulphuric  acid,  concentrated,  nnd  75  cc  of  fuming  sulphuric  acid  (13  per  cent  SOs)  and 
heating  at  100'  C.  for  two  bouts.  • 

*  Substitute  for  methods  for  free  and  total  ammonia,  Cir.  62,  p.  6. 

*  At  the  rate  of  one  tube  full  in  15  minutes. 
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RBPORT  OF  COMMITTBB  A  ON  RBCOMMBNDATIOIIS  OF  RBFBREBS. 
By  J.  P.  Street,  Chairman. 

(Nitrogen,  potash,  phosphoric  acid,  soils,  inorganic  plant  constltaents.  Insecti- 
cides, and  water.) 

Phosphobio  Acid. 
It  Is  reoommaided — 

(1)  That  the  following  method  of  analysis  [Wagner  method,  see  p.  12]  be 
adopted  provisionally  pending  further  study  and  the  gathering  of  mcfre  complete 
data  In  regard  to  field  and  pot  experiments. 

Adopted. 

(2)  That  further  work  be  done  with  the  citrate  of  ammonia  magnesia  mix- 
ture method  [see  p.  12]  and  the  official  volumetric  method,  using  the  Wagner 
method  of  making  the  citric  solution  of  the  slag,  as  giyen  under  recommen- 
dation 1. 

Adopted. 

(3)  That  the  referee  on  phosphoric  acid  for  1912  study  the  conduct! vity 
method  for  making  the  neutral  ammonium  citrate  solution.  (See  J.  Amer. 
Chem.  Soc.,  1911,  83: 711;  J.  Ind.  Bng.  Chem.,  1911,  3: 559.) 

Adopted. 

NiTBOOEN. 

It  is  recommended — 

(1)  That  the  study  of  methods  for  the  determination  of  available  nitrogen^ 
be  continued,  and  that  the  alkaline  permanganate  and  neutral  permanganate 
methods  as  now  modified  be  studied  as  applied  to  crude  stock  and  to  com- 
mercial fertilizers. 

Adopted. 

(2)  That  the  reconunendation  made  on  page  129  of  Bulletin  11^^  be  studied 
with  a  view  to  its  applicability  to  complete  fertilizers  and  meat  producta 

Adopted. 

This  recomm^idatlon  reads  as  follows:  "(5)  That  on  page  7  of  Bulletin 
107,  after  Insert  recommended  under  (4),  add  the  following:  ^'Approximately 
0.7  gram  of  mercuric  oxid,  or  its  equivalent  in  metallic  mercury,  may  also  be 
added,  before  the  addition  of  the  potassium  sulphate,  but  if  mercury  be  used 
potassium  sulphld  must  be  employed,  as  in  the  Kjeldahl  method,  in  the 
distillation." 

(3)  Mr.  E.  L.  Baker's  resolution  to  the  effect  that  Salle's  method  for  the 
determination  of  nitrogen  In  commercial  nitrates  be  referred  to  the  referee  for 
1912  for  trial  was  adopted.    The  method  is  given  on  page  28. 

Soils. 

It  Is  recommended — 

(1)  That  the  methods  approved  and  referred  to  the  association  for  final 
action  in  1910,  under  recommendations  1,  2,  and  3,  page  3  of  Circular  52,  be 
finally  adopted  as  official. 

Adopted.  * 

These,  recommendations  read  as  follows: 

(1)  That  the  modified  J.  L.  Smith  method  for  total  potassium  be  made  an 
official  method  of  this  association,  and  that  the  clauses  "and  transfer  to  a 
filter"  and  "after  washing  free  of  chlorids"  in  this  method  be  replaced  by 
the  following  sentence :  "After  washing  four  or  five  times  by  decantation  with 
hot  water,  throw  on  the  filter  and  wash  well,  250  to  300  cc  of  wash  water 
being  sufficient." 

(2)  That  the  magnesium  nitrate  method  for  total  phosphorus  be  made  an 
official  method  of  this  association. 

^  All  bulletin  references  are  to  Bureau  of  Chemistry  series,  United  States  Department  of 
Agricoltare. 
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(8)  That  the  sodium  perozid  fusion  method  for  total  phosphorus  be  made 
an  official  method. 

(2)  That  the  referee  on  soils  continue  his  research  for  a  method  or  methods 
that  will  permit  of  an  accurate  estimation  of  the  lime  requirements  of  solla 

Adopted. 

(3)  That  the  Rather  method  (p.  62,  see  also  J.  Ind.  Eng.  Chem.,  1911,  3: 660) 
for  huhius  be  further  studied  with  a  view  to  substituting  It  for  the  present 
official  method. 

Adopted. 

(4)  That  the  modified  volumetric  cobaltl-nltrlte  method  be  further  studied  In 
its  application  to  soils  (J.  Ind.  Eng.  Chem.,  1909, 1: 302;  BuL  187,  p.  25). 

Adopted. 

Potash. 
It  Is  recomm^ided — 

(1)  That  the  Drush^  volumetric  cobaltl-nltrlte  method  be  further  studied 
in  Its  application  to  mixed  fertilizers  (BuL  132,  p.  21). 

Adopted. 

(2)  That  a  further  study  of  the  gravimetric  cobaltl-nltrlte  method  be  made 
in  the  case  of  mixed  fertilizers,  using  the  modification  suggested  by  Itano  of 
precipitating  the  phosphates  with  milk  of  lime  before  adding  the  cobaltl- 
nltrlte  reagent. 

Adopted. 

(3) That  the  proposed  modification  of  the  official  method  (p.  29)  be  approved 
and  be  referred  to  the  association  for  final  actlcm  In  1912. 

Adopted. 

(4)  That  the  factors  for  calculating  potash  from  potassium  platlnlc  chlorid 
(Bui.  107,  Rev.,  p.  12)  be  revised  to  read  as  follows: 

Under  "(c)  Factors,'*  read  "For  the  conversion  of  potassium  platlnlc  chlorid 
to  potassium  chlorid,  use  the  factor  0.3067;  to  potassium  sulphate,  0.3585; 
to  potassium  oxld,  0.1938."  (This  change  Is  made  In  accordance  with  the  new 
atomic  weights.) 

Adopted. 

INORGANIO  Plant  Ck)N8TITUENTS. 

It  Is  recommended — 

(1)  That  the  molybdate  method  In  the  form  in  which  it  Is  now  presented  for 
the  separation  of  ferric  and  aluminlc  oxids  in  an  ash  solution  be  approved, 
with  a  view  to  Its  adoption  as  an  official  method  In  1912.    [See  p.  61.] 

Adopted. 

(2)  That  the  oxalate  method  for  the  separation  of  ferric  and  aluminlc  oxids 
in  an  ash  solution  be  further  studied  on  a  synthetic  solution,  with  a  view  to 
its  final  adoption  by  the  association.    [See  p.  Gl.] 

Adopted. 

(3)  That  cooperative  work  be  done  on  the  molybdate  method  as  extended 
and  described  In  the  1911  report  for  the  separation  of  calcium  and  magnesium 
in  an  ash  solution.    [See  p.  65.] 

Adopted. 

(4)  That  cooperative  work  be  done  on  the  method  entitled  "The  determina- 
tion of  total  sulphur  in  organic  matter,"  described  by  Herman  Schreiber  in 
Circular  56. 

Adopted. 

Wateb. 
It  is  recommended — 

(1)  That  the  methods  as  proposed  for  the  examination  of  waters  (see  Qr. 
62,  pp.  4  to  14)  be  accepted  as  the  provisional  methods  of  the  association. 
Adopted. 
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iNSEOnCIDIS. 

It  is  recommeQded — 

(1)  That  the  chromate  method  (Method  II)  for  total  lead  oxid  in  lead  arse- 
nate be  adopted  as  official  (Bui.  137,  p.  41,  and  Cir.  66,  p.  2). 

Recommendation  adopted  and  referred  to  association  for  final  action  in  1912. 

(2)  That  the  method  for  water>soluble  arsenic  oxid  in  lead  arsenate  be  fur- 
ther studied  as  regards  time  of  standing  for  the  solution  of  soluble  arsenic,  and 
the  effect  of  different  temperatures  thereon  (Bui.  107,  Rev.,  p.  240). 

Adopted. 

(3)  That  the  method  for  total  sulphur  in  lime-sulphur  solutions  (Bui.  107, 
Rev.,  p.  34)  be  changed  as  follows:  Under  "2.  Determination,"  line  1,  after 
"  measure  "  insert  **  and  accurately  weigh  " ;  after  "  sample  "  strike  out  "  in  " 
and  Insert  a  comma  and  the  words  *'  transfer  to  " ;  and  that  the  method  as  thus 
changed  be  recommended  for  final  adoption  as  official  in  1912. 

Adopted. 

(4)  That  the  gravimetric  method  for  sulphur  as  sulphids  and  polysulphids 
in  lime-sulphur  solutions,  as  given  in  the  referee's  report  [p.  70],  be  adopted  as 
official. 

Recommendation  adopted  and  referred  to  the  association  for  final  action  in 
1912. 

(6)  That  the  volumetric  method  for  sulphur  occurring  as  thiosulphate  in 
lime-sulphur  solutions,  as  given  in  the  referee's  report  [p.  70],  be  adopted  as 
official. 

Recommendation  adopted  and  referred  to  the  association  for  final  action  in 
1912. 

(6)  That  the  method  given  [by  the  referee]  for  sulphur  occurring  as  sul- 
phates and  sulphids  In  lime-sulphur  solutions  [p.  70]  be  changed  to  read  as 
follows  and  as  changed  be  adopted  as  official : 

Sulphur  as  sulphate  and  sulphite. — ^To  the  solution  from  the  determination 
of  thiosulphate  add  2  or  3  drops  of  hydrochloric  acid,  warm  on  steam  bath, 
precipitate  with  barium  chlorid  solution,  stirring  vigorously  for  several  min- 
utes; let  stand  in  the  cold  overnight,  filter,  and  obtain  weight  of  barium  sul- 
phate.   From  this  weight  calculate  sulphur. 

Recommendation  adopted  and  referred  to  the  association  for  final  action 
in  1912. 

The  following  recommendations,  which  were  adopted  by  the  association  in 
1909,  are  hereby  renewed  for  final  action : 

(7)  That  "Method  II"  for  total  arsenious  oxid  in  London  purple,  as  given 
in  Bulletin  107,  Revised,  page  29,  be  dropped  from  the  methods  of  analysis. 

Adopted. 

(8)  That  "Method  II"  for  total  arsenic  oxid  in  London  purple,  as  given 
in  Bulletin  107,  Revised,  page  29,  be  dropped  from  the  methods  of  analysis. 

Adopted. 

The  three  following  recommendations,  adopted  by  the  association  in  1910, 
are  hereby  renewed  for  final  action : 

(9)  That  "Method  I"  for  total  arsenious  oxid  in  London  purple,  as  given 
in  Bulletin  107,  Revised,  page  28.  be  adopted  as  official. 

Adopted  as  official. 

(10)  That  "Method  III"  as  proposed  by  the  referee  in  1909  (Bui.  132,  p. 
48)  for  total  arsenic  oxid  in  London  purple  be  adopted  as  official  and  designated 
as  "  Method  II." 

Adopted  as  official. 

(11)  That  the  Gatehouse  method  (Sutton's  Volumetric  Analysis,  9th  ed., 
p.  201;  Cir.  10,  Rev.,  p.  6)  for  the  determination  of  chlorin  in  cyanids  be 
adopted  as  official. 

Adopted  as  offldaL  ^  r^r^c^Ao 
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(12)  That  the  proTisional  methods  for  the  analysis  of  lead  arsenate  (BnL 
107,  Rev.,  p.  239)  be  changed  in  accordance  with  recommendation  7  of  the 
referee  in  1910  (Bui.  137,  p.  47),  and,  as  changed,  adopted  as  official. 

Recommendation  adopted  and  referred  to  the  association  for  final  action 
in  1912. 

Separation  of  Nitrogenous  Bodies  (Milk  and  Oheesb). 

It  is  recommended — 

(1)  That  the  Folin  method^  for  the  determination  of  ammonia  be  further 
studied.     (Zts.  physioL  Chem.,  1902-3,  37:161.) 

Adopted. 

(2)  That  the  Van  Slylse  method  for  the  determination  of  amino  acid  nitrogen 
be  further  studied.    (D.  D.  van  Slyke,  Ber.  d.  chem.  Ge&,  1910,  43  (3)  :8170.) 

Adopted. 


REPORT  OF  COMMUTES  ON  AMENDMENTS  TO  THE  CONSTITUTION 

AND  BY-LAWS. 

By  L.  L.  Van  Sltke,  Cha^rtMin. 

(1)  The  following  resolution,  introduced  by  W.  A.  Withers,  was  favorably 
reported  by  the  committee  and  was  adopted  by  the  association : 

Resolves,  That  compliance  with  section  4  of  the  constitution  necessitates  the 
appointment  of  referees  and  associate  referees  by  the  retiring,  rather  than  by 
the  incoming,  executive  committee :  Resolved  further,  That  the  secretary  of  the 
association  is  hereby  requested  to  provide  a  place  on  the  program  for  the 
announcement  of  the  appointment  of  referees  and  associate  referees. 

(2)  The  following  resolutions  were  introduced  by  O.  M.  Shedd  and  referred 
to  the  committee,  with  the  results  stated : 

(a)  Resolved,  That  section  4  of  the  constitution  of  this  association  be  changed 
to  read  as  follows : 

There  shall  be  appointed  by  the  executive  committee  at  the  regular  annual 
meeting  from  among  the  members  of  the  association  a  referee,  and,  after 
consultation  with  him,  such  associate  referees  for  each  of  the  subjects  to  be 
considered  by  the  association  as  that  committee  may  deem  appropriate. 

The  committee  reported  unfavorably  on  the  adoption  of  this  resolution  as 
an  amendment  to  the  constitution,  but  moved  that  a  standing  rule  be  adopted 
to  the  effect  that  the  executive  committee  consult  with  each  referee  in  the 
appointment  of  associate  referees. 

The  report  of  the  committee  was  adopted. 

(h)  Resolved,  That  a  new  section  be  added  to  the  by-laws  to  follow  section  4, 
and  to  read  as  follows : 

As  soon  as  possible  after  the  annual  meeting  of  the  association  each  retiring 
referee  shall  transmit  a  copy  of  his  report  and  recommendations,  together  with 
a  statement  of  the  action  taken  by  the  association  upon  the  same,  to  the  referee 
for  the  next  year. 

The  committee  reported  this  amendment  favorably  as  an  addition  to  section  4, 
and  the  report  was  adopted : 

(c)  Resolved,  That  paragraph  3  of  the  by-laws  be  amended  by  adding  the 
following  words: 

That  the  referee  on  each  subject  be*ex  officio  member  of  the  subcommittee  on 
recommendations  of  referees  which  passes  upon  his  recommendations,  but  only 
for  the  purpose  of  such  action  as  relates  to  his  own  work. 

1  Bee  referee's  report,  p.  185,  for  recent  modlflcation  by  Folin. 
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The  committee  reported  the  resolution  mifavorably,  but  stated  that  it  was 
the  sense  of  the  committee  that,  except  when  impossible,  opportunity  should 
be  given  each  referee  for  full  consultation  with  the  committee  on  recommenda- 
tions before  final  action  by  the  committee  on  the  recommendations  of  the 
referee. 

The  report  of  the  committee  was  adopted. 

Brief  verbal  reports  were  made  by  the  chairmen  of  the  following 
committees: 

Committee  on  appropriation. — Mr.  Street,  as  chairman,  reported  that  no  meet- 
ing had  been  held,  and  since  the  Proceedings  were  to  be  published  by  the 
Department  of  Agriculture  and  the  dues  now  paid  by  the  members  covered  all 
other  expenses  he  asked  that  the  committee  be  discharged.  After  some  dis- 
cussion, however,  the  report  of  the  committee  wai^  accepted  by  the  association 
on  a  motion  by  Mr.  Frear,  but  the  committee  was  continued. 

Committee  on  food  standards. — Mr.  Frear,  as  chairman,  made  a  report  of 
progress,  stating  that  the  committee  had  held  a  meeting  in  August  in  Duluth 
at  which  a  special  line  of  work  was  taken  up  and  would  be  pushed  as  rapidly 
as  possible 

Committee  on  participation  in  the  Eighth  International  Congress  of  Applied 
Chemistry. — Mr.  Street,  as  chairman,  stated  that  he  thought  that  the  conunittee 
no  longer  had  any  function  to  perform,  inasmuch  as  the  ground  was  weU 
covered  by  Mr.  Cameron's  and  Mr.  Bigelow's  committeea  It  was  urged  that 
the  members  of  the  association  cooperate  with  the  various  sections  and  insure 
that  the  association  be  adequately  represeited  on  the  program  of  the  congress. 
The  effect  of  the  ruling  that  no  papers  presented  at  the  congress  could  be 
published  elsewhere  was  also  mentioned,  and  attention  called  to  the  fact  that 
in  the  preliminary  announcement  of  the  congress  the  association  had  not  been 
included.  The  chairman  asked  that  the  committee  be  discharged,  and  upon 
motion  the  report  was  accepted  and  the  committee  discontinued. 

Committee  on  the  testing  of  chemical  reagents, — ^Mr.  Kebler,  as  chairman, 
made  the  following  brief  report  of  progress :  At  the  last  meeting  the  committee 
reported  on  the  desirability  of  using  certain  designations  in  connection  with 
chemical  reagents.  These  recommendations  were  also  forwarded  to  the  chair- 
man of  a  similar  committee  of  the  American  Chemical  Society,  but  they  have 
not  been  discussed  as  fully  as  the  committee  hoped  they  might  be. 

It  is  fiairly  well  established  that  the  designation  "  O.  P."  serves  no  good  pur- 
pose except  in  a  few  special  instancea  The  result  is  that  most  manufacturers 
are  rapidly  eliminating  it  from  their  price  lists;  in  fact,  some  have  done  so 
completely.  It  was  intended  to  present  at  this  meeting  the  specifications  re- 
ferred to  in  the  recommendations  last  year  for  various  ch^nical  reagents  with 
the  possibility  of  some  action.  Unfortunately  this  was  impossible,  but  it  is 
believed  that  the  specifications  can  be  presented  at  the  next  meeting.  It  is 
urged  that  the  subject  of  chemical  reagents  be  given  more  consideration  by  the 
association  in  the  future  than  has  been  the  case  in  the  past 

The  report  of  the  committee  was  received. 

On  motion  by  Mr.  Frear  the  association  authorized  the  secretary- 
treasurer  to  pay  the  balance  of  a  bill  owing  by  the  food  standards 
committee  for  printing,  amounting  to  $31.03. 

The  association  adjourned. 
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SECOND  DAY. 

TUESDAY— MORNING  SESSION. 

REPORT  ON  FOOD  ADULTERATION. 

By  A,  S.  Mitchell,  Referee. 

The  past  year  has  been  an  active  one  both  in  the  perfecting  of  new  methods 
and  in  the  collaborative  trying  out  of  the  present  standards.  I  shall  leave  the 
details  of  the  work  for  discussion  by  the  associates  who  have  so  ably  and  dis- 
interestedly accomplished  it,  and  will  but  touch  upon  such  points  as  seem  of 
Interest  to  all. 

The  referee  on  cereals  has  made  a  good  beginning  on  methods  for  the  analysis 
of  wheat  flour,  but  we  ask  only  for  the  adoption  of  such  portions  as  seem  most 
free  from  criticism. 

The  referee  on  vinegar  recommends  a  partial  revision  of  methoda  The  Ross 
method  is  offered  for  glycerin  as  an  index  of  purity  of  cider  vinegar.  This  is 
novel,  but  when  it  is  noted  that  glycerin  is  a  congener  of  alcoholic  fermenta- 
tion and  is  separated  from  low  wines  in  their  distillation,  while  it  remains  In 
the  final  product  in  undistilled  vinegars,  Its  possibilities  are  apparent. 

The  referee  on  fats  and  oils  has  conducted  a  study  on  beef  fat  in  lard. 
Tests  by  the  Belfleld  method  proved  less  satisfactory  than  by  the  Emery 
method,  a  method  based  on  the  melting  point  of  the  crystallized  glycerids. 

Collaborative  work  on  the  methods  for  the  separation  and  identification  of 
artificial  colors  has  shown  a  reliability  almost  surprising,  considering  the  com- 
plexity of  the  subject 

Extensive  work  has  also  been  done  on  the  flavoring  extract  methods.  Im- 
provements in  methods  for  vanilla  extract  are  reported  which  result  in  saving 
time  and  increasing  accuracy.  The  unreliability  of  certain  other  methods  has 
been  demonstrated. 

Under  spices,  the  study  of  paprika  has  brought  out  a  new  characteristic, 
the  remarkably  high  index  of  refraction  of  its  oil.  The  collaborative  work  on 
the  crude  flber  method  as  applied  to  prepared  mustard  indicates  the  reliability 
of  the  present  method. 

A  large  amount  of  work  has  been  done  on  ketchups.  Three  collaborators  have 
made  lengthy  analyses  involving  86  determinations  on  each  of  the  three  samples 
sent  out  It  will  be  noted  that  food  chemists  are  looking  less  upon  the  wine 
when  it  is  of  varied  hue  and  are  more  closely  scrutinizing  the  tomato  when  It 
is  overripa  This  study  has  emphasized  the  work  of  Bacon  and  Dunbar  as 
to  the  value  of  lactic  and  citric  acid  ratios  as  an  indication  of  decay  in  tomato 
products.    Citric  acid,  which  is  present  in  sound,  ripe  tomatoes,  rapidly  disap- 

(88) 


Digitized  by 


Google 


89 

pears  upon  decomposition,  with  a  corresponding  development  of  lactic  acid. 
The  work  done  upon  the  methods  offered  show&  the  need  of  their  further  study. 

The  referee  on  dairy  products  reiiorts  a  method  for  obtaining  fat  from  ice 
cream  and  similar  foods  in  sufficient  quantity  to  admit  of  its  thorou^  exami- 
nation. 

Progress  is  also  reported  in  the  examination  of  methods  for  the  determina- 
tion of  caffein  in  tea  and  coffee.  The  question  of  coloring  matter  in  tea  came 
up  too  late  for  action  this  year.  For  the  coming  year,  it  is  suggested  that  the 
referee  make  this  a  special  study.  A  draft  of  methods  has  been  issued  by  the 
United  States  Treasury  Department,  but  more  searching  microscopical  methods 
seem  deslrabla 

A  method  is  needed  for  the  determination  of  diastase  in  fermented  liquors  for 
which  dlastatic  action  is  claimed.  Standard  methods  are  also  needed  for  the 
examination  of  beverages,  particularly  so-called  soft  drinks,  and  for  the  exami- 
nation of  coatings  and  glazings  in  confectionery. 

The  desirability  of  the  appointment  of  a  referee  on  methods  for  the  determina- 
tion of  arsenic,  lead,  tin,  copper,  barium,  and  the  heavy  metals  is  obvious. 

Microscopical  methods  are  gaining  prominence  in  the  examination  of  prepared 
foods,  spices,  coloring  of  tea,  etc.,  and  their  development  would  seem  to  war^ 
rant  the  appointment  of  a  special  referee. 

The  work  of  the  food  analyst  Is  increasing  in  complexity  and  ramifying  in 
new  directions.  This  calls  for  an  increased  loyalty  and  sacrifice  of  time  from 
the  food  chemists  of  this  association,  to  enable  us  to  take  up  the  varied,  and, 
too  frequently,  lengthy,  methods  and  try  them  out,  ever  keeping  in  mind  accu- 
racy, simplicity,  and  speed.  In  concluding,  I  wish  to  thank  my  associates  for 
the  interest  they  have  shown  and  the  time  and  attention  which  they  have  given 
to  this  work. 

REPORT  ON  SPICES. 

By  R.  W.  Hilts,  Associate  Referee. 

The  work  done  this  year  falls  under  the  two  headings  of  ether  extract  of 
paprika  and  crude  fiber  in  prepared  mustard. 

Paprika  Extbact. 

In  accordance  with  last  year's  recommendations,  the  associate  referee  has 
made  some  further  study  of  the  ether  extract  of  paprika  and  of  the  method  of 
drying  it.  No  samples  were  sent  out,  as  the  nature  of  the  work  rendered  it 
unsuitable  for  cooperative  investigation.  The  work  was  divided  into  two 
parts: 

(Ay  Some  experiments  were  made  on  the  drying  of  ether  extract  of  paprika 
under  the  conditions  of  the  provisional  method,  last  year  adopted,  as  compared 
with  drying  for  the  same  periods  in  a  current  of  dry  hydrogen.  For  this 
purpose  a  sample  of  Hungarian  paprika,  which  appeared  entirely  normal,  was 
dried  over  sulphuric  acid  and  extracted  with  pure  dry  ether.  The  ether  solution 
was  filtered  and  four  equal  portions  of  it  measured  Into  glass-stoppered  fiasks 
and  the  ether  distilled  off  as  usual.  All  four  flasks  were  dried  side  by  side 
in  the  same  water  oven  for  two  successive  half-hour  periods.  Two  were  dried 
in  air,  as  in  the  provisional  method,  but  the  other  two  were  fitted  with  a 
suitable  arrangement  of  two-hole  stoppers  and  glass  tubes  by  means  of  which 
a  rapid  current  of  hydrogen,  dried  by  sulphuric  acid,  was  circulated  through 
them.    This  passed  in  at  the  top  and  out  at  the  bottom  through  the  longer 
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tube,  tlius  aasnring  rapid  drying  and  displacement  of  the  ether  yapor.    The 
results  are  as  thus  tabulated : 

Comparison  of  drying  paprika  extract  in  air  and  in  hydrogen. 


Time. 

Weight- 

Drying  in  air. 

Drying  In  hydrogen. 

Aftflr  0TiA.hftIf  honr 

Gram. 

0.3024 

.3021 

Oram. 
0.3055 
.3053 

Cham. 
0.3038 
.3034 

Gram. 
0.3046 

Afterlhour 

.3043 

The  data  indicate  that  drying  proceeded  with  equal  speed  under  both  condi- 
tions and  that  the  weight  changes,  though  slight,  were  practically  identical. 
The  iodin  numbers  also  agree  very  well  indeed,  133.3  and  132.7  on  the  samples 
dried  in  air,  and  133.0  and  133.1  for  those  dried  in  hydrogen.  The  values  of 
the  two  methods  overlap,  and  the  extreme  differences  are  insignificant,  as 
they  are  well  within  the  range  of  experimental  error.  Hence  it  does  not 
appear  that  the  ether  extract  of  paprika  is  appreciably  oxidized  by  one  hour's 
heating  in  air  in  the  water  oven  under  the  conditions  of  the  provisional 
method.  Excessively  long  heating  will  undoubtedly  change  the  extract  and 
give  lower  iodin  numbers,  as  shown  by  Seeker^  and  Lowenstein  and  Dunne,' 
but  such  heating  is  unnecessary,  using  pure,  dry,  freshly  distilled  ether.  The 
referee  has  never  found  more  than  an  hour's  heating  necessary.  There  does 
not  seem,  then,  any  reason  for  supplanting  the  present  simple  method  by 
anything  more  cumbersome 

(B)  For  the  purpose  of  making  a  further  study  of  paprika  extract,  with 
a  view  to  detecting  foreign  oils  other  than  olive^  a  considerable  quantity  of 
the  oil  was  prepared.  By  courtesy  of  the  Bureau  of  Chemistry,  the  referee 
was  furnished  with  a  large  sample  of  whole  Spanish  paprika,  or  pimenton. 
The  fruit  was  whole,  unbroken,  and  in  good  condition.  The  pods  were  globular, 
about  2  inches  in  diameter,  and  were  strung  on  strings.  The  stems  were  sepa- 
rated and  rejected  and  the  sample  ground  in  the  laboratory  and  examined  by 
the  methods  officially  adopted.  The  composition  of  the  sample  and  the  results 
were  as  follows : 

Stems 108. 5  grams  (  8. 89  per  cent) 

Seeds  and  placenta 429.0  grams  (35. 17  per  cent) 

Shells . 682. 5  grams  (55. 94  per  cent) 

Analytical  determinations: 

Ether  extract  (per  cent) 11.40 

Iodin  number 136. 0 

Total  ash  (per  cent) 1 7.05 

Ash  insoluble  in  acid  (per  cent) 0.07 

From  the  data  available  the  values  appear  to  be  normal.  After  rejection  of 
the  stems  the  sample  contained  38.6  per  cent  of  seeds  and  placentas  and  61.4 
per  cent  of  shells.    It  had  a  good  red  color  after  grinding. 

Eight  hundred  grams  of  the  material  were  packed  in  a  percolator  and  ex- 
tracted by  slow  percolation  with  redistilled  petroleum  ether  boiling  below 

»  U.  S.  Dept.  Agr.,  Bureau  of  Chemistry  Bui.  137,  p.  82. 
<  J.  Ind.  Eng.  Chem.,  1010,  2  :  130. 


Digitized  by 


Google 


91 

65*  O.^  Percolation  was  continued  until  most  of  the  oil  was  removed.  The 
oil  was  freed  from  the  last  of  the  petroleum  ether  by  heating  in  a  flask  im- 
m'/xsed  in  boiling  water,  under  a  partial  vacuum,  meanwhile  admitthig  a  slow 
current  of  dry  hydrogen  to  displace  the  ether  and  prevent  oxidation.  The 
oil  was  flnally  filtered  at  a  moderate  temperature.  The  yield  was  about  75 
grams  or  9.4  per  cent  The  extract  was  a  rather  viscous  oil,  fluid  at  all  ordi- 
nary temperatures  and  of  a  very  intense  red  color,  almost  black  in  bulk,  and 
with  an  odor  suggestive  of  the  q;)ice.  It  was  examined  with  the  following 
results: 

Specific  gravity  15.6V15.6*  C 0. 9322 

Index  of  refraction  at  40**  C 1.4868 

Index  of  refraction  at  16.6*  C 1.4953 

lodin  number 137. 9 

Relchert-Meissl  number - 0. 82 

SoUd  feitty  acids  (per  cent) 10.83 

Acetyl  value  (filtration  method) 21.0 

Acetyl  value  (corrected  for  soluble  acids) 9.45 

The  absorption  spectrum,  in  ether  solution,  possessed  no  bands  and  showed 
nothing  distinctive.  The  intense  color  of  the  oil  interferes  so  much  with 
the  indicator  that  the  referee  has  not  as  yet  succeeded  in  determining  the 
saponification  number.  Ordinary  methods  of  bleaching  were  only  partly 
successful,  and  attempts  to  use  an  external  Indicator  were  unsatisfactory.  It 
seems  that  any  method  of  bleaching  sufficiently  rigorous  to  be  successful  might 
materially  alter  the  oil. 

The  iodin  number  of  the  oil  thus  prepared  agrees  well  with  that  found  in 
the  preliminary  examination  by  the  provisional  method,  pointing  to  the 
similarity  of  the  oil  to  that  extracted  by  ethyl  ether.  It  is  probably  purer 
than  an  ether  extract  would  be.  Contrary  to  the  figures  of  Szigeti,'  pub- 
lished by  the  associate  referee  last  year,  neither  the  acetyl  value  nor  the 
Reichert-Meissl  number  appears  to  be  higher  than  those  of  the  ordinary  oils 
and  fats.  Strict  comparison  with  his  results  is  of  course  impossible,  since 
his  method  of  preparing  the  extract  is  unknown.  Partial  oxidation  and  hydrol- 
ysis might  account  for  his  low  iodin  numbers  and  high  acetyl  values.  The 
index  of  refraction,  however,  is  remarkably  high,  even  above  Szigetl's  values, 
which  were  1.489-1.490  at  15*  C.  Of  all  the  constants  determined  the  index 
of  refraction  is  the  only  one,  aside  from  the  iodin  number,  which  seems  to  be 
promising  for  the  detection  of  foreign  oils.  It  has  also  the  advantage  of 
requiring  little  material.  The  determination  of  this  constant  on  numerous 
samples  is  accordingly  desirable  in  order  to  observe  its  range  of  variations 
and  thus  to  test  further  its  value  as  a  criterion  of  purity. 

Crude  Fibeb  in  Pbefabed  Mustard. 

Last  year's  recommendation  for  the  comparative  study  of  the  determination 
of  crude  fiber,  with  and  without  preliminary  drying  and  extraction  of  fat,  was 
made  with  special  reference  to  prepared  mustard.  This  year's  referee  on  con- 
diments other  than  spices  kindly  waived  any  interest  he  might  have,  ancV 
accordingly  a  large  sample  of  prepared  mustard  was  procured  from  a  reputable 
grinder  who  stated  that  it  was  ground  from  the  whole  seed  only.    It  was  mixed 

*  Petroleum  ether  was  chosen  in  preference  to  ethyl  ether  because  of  the  practical  diffl- 
culties  of  drying  the  large  mass  of  material  and  keeping  it  dry,  if  dry  ether  was  to  be 
used.  A  preliminary  experiment  indicated  that  the  iodin  numbers  of  oils  extracted  by 
both  soWents  are  practically  the  same  and  that  hence  the  oils  must  be  of  nearly  the  some 
composition. 

*  U.  8.  DQpt  Agr.,  Bureau  of  Chemistry  BuL  187.  p.  8S.  r^  1 
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with  particular  care,  and  eight  samples  were  sent  ont  with  the  following  In- 
structions. Method  II,  with  preliminary  drying  and  fat  extraction,  was  sug- 
gested by  Mr.  L.  M.  Tolman  as  having  been  tried  In  the  Washington  Food  In- 
spection Laboratory.  Method  III,  Involving  previous  removal  of  the  fat  by 
washing  with  alcohol  and  ether  without  drying,  was  suggested  by  the  associate 
referee. 

INSTRUCTIONS  TO  COLLABOBATORS. 

Determine  crude  fiber  by  each  of  the  three  methods  below.  Also  determine 
moisture  in  the  original  sample  by  the  official  method,  and  also  moisture  in  the 
dried,  and  the  ground  air-dry  sample  in  Method  II.  Determine  ether  extract  in 
the  air-dry  sample  In  Method  II,  this  being  Incidental  to  the  crude  fiber  de- 
termination, and,  for  comparison,  determine  ether  extract  by  the  official  methoa 
(I).  The  moisture  determinations  are  Indispensable.  Use  particular  care  In 
sampling.  Transfer  to  a  larger  receptacle  if  necessary,  and  mix  thoroughly 
with  a  spoon  before  removing  each  portion  for  analysis.  Report  all  actual  re- 
sults obtained  on  the  fresh  and  air-dry  sample  and  also  report  crude  fiber  and 
ether  extract  calculated  to  dry  substance. 

Method  I  (official). 
(Bui.  107,  Rev.,  pp.  167-168;  Proceedings  A,  O.  A.  C,  1905,  Bui.  09,  p.  73.) 

Solids, — ^Dry  5  grams  In  a  flat-bottomed  platinum  dish  on  a  water  bath  until 
the  mixture  appears  dry,  and  finally  dry  to  constant  weight  at  100'  C.  In  a 
water  oven.  First  distribute  the  sample  evenly  over  the  bottom  of  the  dish 
with  a  little  water. 

Crude  fiber, — Follow  the  official  method  as  outlined  (BuL  107,  Rev.,  p.  168), 
remembering  the  additional  directions  last  year  adopted :  "  The  fiber,  however, 
should  finally  be  washed  successively  with  alcohol  and  ether  until  all  fat  Is 
removed."  Be  particularly  careful  to  break  up  thoroughly  all  lumps  by  shak- 
ing as  directed.  Stopper  the  fiask  and  shake  vigorously  if  necessary.  The 
first  filtrations  may  be  made  on  paper  or  other  convenient  filter.  A  circle  of 
closely  woven  linen  in  a  4-inch  Buechner  funnel  with  light  suction  gives  a  very 
rapid  and  satisfactory  filtration.  The  linen  circle  is  then  spread  out  on  the 
side  of  a  short-stem  6-inch  funnel,  and  the  fiber  washed  back  Into  the  fiask  by 
means  of  a  policeman  and  a  wash  bottle  containing  the  hot  1.25  per  cent  alkali. 
The  last  filtration  should  be  made  on  paper  as  officially  directed.  For  this  an 
11  cm  S  &  S  blue  ribbon  paper  Is  convenient  and  rapid.  All  weighings  of 
paper  and  crude  fiber  must  be  made  In  weighing  bottles. 

Ether  extract. — Follow  the  official  method.  Use  a  lead  bottle  cap  or  a  Hoff- 
melster  schaelschen  for  drying  the  sample  and  finish  the  drying  In  the  hot- 
water  oven. 

Method  II. 

Preparation  of  sample. — In  an  8-inch  porcelain  evaporating  dish  spread  out 
100  grams  of  the  sample  and  dry  down  on  the  steam  or  water  bath.  Finally 
dry  In  a  vacuum  oven,  or  if  this  is  not  available,  dry  for  3  to  4  hours  more  In 
a  water  oven.  Let  stand  in  the  air  for  some  hours  to  become  air-dry;  then 
scrape  out  of  the  dish  and  grind  in  a  small  drug  mill  to  pass  a  40-mesh  sieve. 

Moisture  in  air-dry  sample. — Dry  about  2  grams  In  a  flat-bottomed /dish  in 
the  water  oven. 

Ether  extract. — Weigh  out  2  grams  of  the  air-dry  sample,  Inclose  In  a  folded 
11  cm  hardened  filter  paper,  dry  somewhat  and  extract  In  a  Knorr  or  other 
suitable  extraction  apparatus  for  16  hours  with  anhydrous  ether. 

Crude  flher. — Use  residue  from  the  ether  extraction,  and  proceed  according 
to  the  official  method  (Bui.  107,  Rev.,  pp.  56,  164).  Observe  the  comments  on 
filtration  made  above.  Final  washing  with  alcohol  and  ether  is  unnecessary 
and  is  to  be  omitted. 

Method  III. 

Crude  fiber. — Weigh  out  8  or  10  grams  In  a  small  'beaker  and  add  strong 
alcohol  to  a  volume  of  about  75  cc.  Allow  to  stand  15  to  20  minutes  with 
occasional  stirring  and  then  filter  through  an  11  cm  S  &  S  hardened  filter  paper, 
transferring  completely  to  the  filter.  Wash  on  the  paper  two  or  three  times 
with  alcohol  and  then  6  times  with  ether  or  until  all  fat  is  removed.  Allow  to 
drain,  but  not  to  dry  or  cake,  and  then  rinse  into  the  500  cc  Erlenmeyer  fiask 
with  a  little  of  the  cold  1.25  per  cent  acid.  Stopper,  shake,  make  up  to  200  cc 
with  boiling  add  and  bring  to  a  boil  and  boil  gently  for  30  minutes.    Foaming 


Digitized  by 


Google 


93 

may  occur  until  the  ether  is  all  expelled,  hence  the  flask  had  best  be.  simply 
covered  with  a  watch  glass,  which  permits  blowing  into  it  by  means  of  a  glass 
tube  if  the  foam  approjiches  the  top.  Continue  the  determination  as  under  in- 
structions for  the  official  method,  except  that  final  washing  with  alcohol  and 
ether  is  omitted. 

The  preliminary  washing  with  alcohol  and  ether  can  also  be  conveniently 
performed  by  aid  of  the  centrifuge,  shaking  the  samples  up  In  stoppered  tubes 
6  in.  X  1  in.,  then  centrifuging  and  decanting  off  through  the  hardened  filters, 
to  which  the  solid  material  is  finally  transferred  by  means  of  ether. 

Five  collaborators  made  reports.  Their  names  are  as  follows,  the  numbers 
indicating  their  results  in  the  tables:  (1)  M.  Boyle,  Washington,  D.  C;  (2) 
A.  W.  Hanson,  Kansas  City,  Mo.;  (3)  C.  W.  Harrison,  Washington,  D.  C;  (4) 
R.  W.  Hilts,  Philadelphia,  Pa.;  (5)  H.  E.  Sindall,  Philadelphia,  Pa.;  (6)  C.  R. 
Smith,  New  York,  N.  Y. 


Cooperative  results  on  solids  and  ether  extract. 

Solids. 

Ether  extract. 

Analyst. 

Method  I. 

Method 
II. 

Method  L 

Method  U. 

OrigiDal. 

Air-dry. 

Orifdnal. 

Dry  basis. 

Air-dry. 

Dry  basis. 

1 

Percent. 
17.63 
17.47 
17.83 
17.86 
17.66 
17.71 
17.87 
17.87 
17.64 
17.54 
17.33 
17.61 

Percent. 
00.18 
00.12 
03.44 
03.46 
03.83 
03.83 
04.44 
04.40 
05.77 
06.32 
02.66 

Percent. 
3.63 
3.64 
3.0 
2.0 
3.47 
3.42 
2.02 
12.03 
3.15 
3.05 
3.11 

Percent. 
20.74 
20.80 
16.80 
16.24 
10.62 
10.34 
16.34 
16.30 
17.06 
17.30 
17.80 

Percent. 
16.14 
16.07 
15.21 
15.15 
16.27 
16.16 
16.48 
16.47 
17.34 
17.46 
16.51 

Percent. 
17.00 

2 

17.83 
16.27 

3 

16.21 
17.34 

4 

17.22 
17.45 

5 

17.44 
18.05 

6 .• 

18.18 
17.82 

Average 

17.66 

3.20 

18.13 

17.43 

1  Three  additional  determinations  gave  2.00  per  cent,  2.04  per  cent  and  2.05  per  cent  of  ether  extract. 
Both  Knorr  and  Sozhlet  extractors  used. 

Cooperative  results  on  crude  fiber. 


Analyst. 

Method  L 

Method  n. 

Method  m. 

Original. 

Dry  basis. 

Air-dry. 

Dryba.\i.s. 

Original. 

Dry  basis. 

1 

Percent. 
1.27 
1.24 

Percent. 
7.24 
7.13 

PercerU. 
6.61 
6.74 
15.01 
15.03 
6.8 
6.4 
6.00 
7.03 
6.62 
6.66 
6.83 
7.15 
7.13 
7.60 

Percent. 
7.33 
7.47 
16.65 
16.68 
7.27 
6.85 
7.45 
7.40 
7.01 
7.05 
7.23 
7.44 
7.42 
8.10 

Percent. 
1.21 
1.10 

Percent. 
6.01 

6.80 

2 

1.10 

1.26 

1.085 

1.035 

1.00 

1.06 

6.67 
7.06 
6.14 
5.85 
6.10 
5.04 

1.38 

7.73 

3 

1.115 

1.117 

1.02 

0.07 

1.02 

0.05 

0.03 

1.30 

1.34 

6.31 

4> 

6.32 
5.71 

5.43 
5.73 

5 

1.08 
1.02 
1.48 
1.64 

6.16 
5.81 
8.47 
8.81 

5.42 

6t 

5.30 
7.44 

7.67 

Average 

1.10 
1.64 
1.02 

6.78 
8.81 
5.81 

7.24 
8.70 
6.65 

1.13 
1.38 
0.03 

6.40 

Maximum 

7.73 

5.30 

1  Values  indicated  were  obtained  by  making  both  flltrations  on  linen  and  finally  washing  into  a  goocb 
lor  drying  and  ashing. 
-    •  Also  found  1.41  per  cent  of  salt. 

*  AoAlytt  6  ipi4f  all  flltiatlons  on  ttnan,  finally  waihing  into  a  laisaplatlntnn  dish  for  drying  and  *•***?§- 
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OOMMENTS  BY  THE  C0IXABOBATOB8. 

Mr.  Boyle  finds  filtration  and  drying  on  paper  tedious  and  much  prefers  to 
make  both  flltratlons  on  cloth,  finally  washing  the  fiber  into  a  gooch  for  drying 
and  ashing.  The  second  set  of  results  under  Method  II  were  thus  obtained  and 
are  unaccountably  lower  than  the  others. 

Mr.  Harrison  notes  the  fairly  good  agreement  between  Method  I  and  III  and 
the  higher  results  by  II.  He  sees  no  apparent  benefit  in  the  preliminary  treat- 
ment with  alcohol  and  ether  in  Method  III  except  more  rapid  filtration  from 
the  acid,  which,  however,  is  ofTset  by  the  troublesome  frothing  on  first  boiling. 
The  final  washing  with  alcohol  and  ether  in  the  official  method  he  considers  a 
decided  advantage  as  facilitating  drying.  He  prefers  Method  I  to  either  of 
the  others  as  being  easiest  of  manipulation,  and  believes  it  should  give  satisfac- 
tory and  comparable  results  by  different  analysts,  when  followed  as  outlined. 
He  adds,  "  I  also  find  that  the  11  cm  S  &  S  blue  ribbon  papers,  on  which  you 
suggest  that  the  filtration  be  made,  lose  on  an  average  about  0.005  gram  in 
weight  when  200  cc  of  boiling  1.25  per  cent  alluili  are  filtered  through  them  and 
then  washed  with  hot  water  until  free  from  alkali.  This  treatment  was  tried 
on  four  papers,  and  about  the  same  loss  in  weight  occurred  in  each  case,  which 
indicates  that  there  is  a  slight  error  produced  in  the  fiber  determination  by 
filtering  through  paper." 

Mr.  Sindall  prefers  Method  I.  He  found  difficulties  in  Method  II  in  removing 
the  hardened  material  from  the  dish  and  also  by  caking  during  grinding  in  the 
mill,  due  to  the  oil.    Method  III  offered  no  difficulties. 

Mr.  Smith  found  filtration  through  pai)er  extremely  unsatisfactory.  He  made 
all  filtrations  on  linen,  finally  washing  the  fiber  into  a  large  dish. 

Discussion  of  Results. 

The  agreement  on  solids  in  the  original  indicates  that  the  material  was  well 
mixed  and  that  sampling  is  not  difficult  The  vagaries  of  the  ether  extract 
results  will  not  be  discussed  here  except  to  suggest  that  physical  condition  and 
degree  of  dryness  must  have  some  Infiuence  on  the  extraction.  On  crude  fiber 
the  agreement  between  the  analysts  is  not  nearly  so  good  as  could  be  wished 
and  shows  that  the  personal  factor  is  of  more  consequence  than  differences  In 
the  methods.  This  is  evident  from  the  fact  that  the  individual  analysts  gen- 
erally run  consistently  above  or  below  the  general  average  in  all  the  methods 
and  not  in  a  single  method.  However,  because  of  this  consistency  of  results,  the 
average  for  each  method  should  show  its  relative  tendency  to  give  high  or  low 
values,  although  these  averages  can  have  little  or  no  significance  as  to  the  true 
or  probable  value  for  the  sample.  In  fact  the  lower  values  are  doubtless  nearer 
the  actual  truth,  since  all  the  difficulties  inherent  in  the  methods,  such  as  the 
effect  of  the  oil  in  preventing  free  attack  by  the  reagents,  or  persistence  of  any 
oil  in  the  fiber  in  Method  I,  or  the  hard  nature  of  the  residue,  or  difficulty  in 
grinding  sufficiently  fine,  or  loss  of  oil  on  the  utensils  used  in  preparing*  the 
sample  in  Method  II,  would  all  tend  to  throw  results  high  rather  than  low.  It 
thus  appears  from  the  averages  on  the  dry  basis  that  Method  II  tends  to  give 
the  highest  and  hence  probably  the  most  inaccurate  results  of  the  three  methods. 
In  the  opinion  of  the  referee  this  fact  alone,  besides  the  difficulties  in  grinding 
the  hard  and  oily  sample  to  uniform  fineness  and  the  labor  involved,  more  than 
offsets  the  real  advantage  of  a  small  factor  in  calculating  to  a  basis  for  com- 
parison, and  makes  further  experiment  with  this  method  inadvisable. 

It  might  be  expected  that  Method  III,  by  reason  of  previous  removal  of  oil, 
and  also  good  mechanical  condition,  would  give  the  lowest  resulta  Such, 
indeed,  appears  to  be  the  case,  but  the  average  is  only  slightly  below  that  of 
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the  official  method.  In  fact  the  results  of  Method  III  seem  hardly  to  Justify 
the  extra  labor  involved,  and  the  official  method  is  practically  as  good,  besides 
being  simpler. 

Undoubtedly  the  greatest  chances  for  error  in  the  official  method  are  fiiilure 
to  break  up  all  lumps  thoroughly  and  insufficient  washing  with  water,  alcohol, 
and  ether  in  the  last  of  the  process.  Altogether,  the  official  method  seems  to 
be  about  the  best  at  present  available,  but  it  would  seem  advisable  to  strengthen 
confidence  in  it  by  submission  to  collaborators  of  samples  of  prepared  mustard 
of  known  composition,  if  possible. 

RECOMMENOATIOI78. 

It  is  recomLnended — 

(1)  That  further  study  be  made  of  the  ether  extract  of  paprika,  particularly 
of  the  index  of  refraction,  with  a  view  to  detecting  added  foreign  oila 

(2)  That  samples  of  prepared  mustard  of  known  comx)osItion  be  submitted  to 
collaborators  for  the  determination  of  crude  fiber  by  the  present  official  methods. 

INDEX  OF  REFRACTION  OF  THE  ETHER  EXTRACT  OF  PAPRIKA  AND 

PIMENTON. 

By  D.  L.  Weatherhead. 

At  the  last  meeting  of  the  Association  of  Official  Agricultural  Chemists  a 
new  method  of  obtaining  the  ether  extract  of  paprika  was  adopted  provision- 
ally, and  it  was  suggested  that  it  would  be  of  interest  to  obtain  data  on  the 
refractive  index  of  this  extract  to  see  if  it  would  be  a  useful  factor  in  indi- 
cating the  presence  of  added  oil. 

Following  this  suggestion  some  data  of  this  nature  were  collected.  No 
special  time  was  given  to  the  work,  but  it  was  done  in  connection  with  routine 
analyses  on  commercial  samples  examined  at  the  New  York  Food  and  Drug 
Inspection  Laboratory  of  the  Bureau  of  Chemistry.  It  is  believed,  however, 
that  this  work  throws  some  light  upon  the  value  of  the  refractive  index  of  the 
ether  extract  in  indicating  the  presence  of  added  oiL 

The  extracts  were  prepared  from  the  150  cc  of  ether  solution  remaining  in 
the  250-cc  flask  after  the  removal  of  100  cc  for  the  determination  of  the  amount 
and  iodin  number  of  the  extract  The  ether  solution  was  filtered  into  an 
Erlenmeyer  fiask  and  the  ether  distilled  off  as  in  the  regular  method.  The 
extract  was  dried  in  a  water  oven  for  half  an  hour  and  the  refractive  index 
taken  at  40*  C.  in  an  Abbe  refractometer.  In  all  operations  the  same  method 
of  handling  and  the  same  precautions  were  observed  as  are  given  for  the  ether 
extract  in  the  accepted  method.  Since  it  Is  customary  to  recover  the  anhydrous 
ether  from  the  150  cc  of  solution  remaining  after  removal  of  the  portion  used 
In  determining  the  extract,  very  little  extra  work  is  required  to  obtain  the 
refractive  index  in  the  regular  course  of  analysis. 

One  special  precaution  seems  necessary  In  reading  the  refractive  index.  The 
entire  field  is  red,  one  portion  being  dark  red  and  the  balance  light  red.  The 
border  of  the  dark  zone  which  must  be  brought  on  a  line  with  the  intersection 
of  the  cross  hairs  shows  no  dispersion,  but  upon  moving  the  screw  of  the  com- 
pensator attached  to  the  Abbe  refractometer  the  border  of  the  dark  zone  is 
seen  to  move  up  or  down  according  to  the  direction  in  which  the  compensator 
is  rotated.  Only  the  position  and  not  the  distinctness  of  the  border  seems  to 
be  altered  in  this  way.  In  order  to  make  the  readings  In  a  uniform  and  com- 
parable way  the  compensator  was  always  set  to  give  the  lowest  reading. 

In  some  cases  the  extracts  were  allowed  to  stand  for  some  time  before  filter- 
ing from  the  residue  and  also  before  reading,  but  the  results  obtained  in  these 
cases  do  not  indicate  that  the  factor  is  appreciably  infiuenced  thereby.    So, 
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although  the  method  outlined  Is  conddered  preferable,  some  latitude  may  be 
permitted  in  the  details  of  preparing  the  extract  for  the  refractive  index  which 
could  not  be  permitted  in  determining  the  amount  and  iodin  number  of  the 
extract 

After  taking  the  refractive  index  the  extracts  were  set  aside  in  loosely- 
stoppered  flasks  and  the  reading  again  taken  one  to  two  months  later,  the 
second  reading  being  in  almost  all  cases  practically  the  same  as  the  first. 
After  standing  for  nine  months  under  these  conditions  many  of  the  extracts 
solidified  and  became  colorless. 

As  a  summary  of  the  indications  furnished  by  the  refractive  index  the  fol- 
lowing values  have  been  taken  from  the  detailed  data  obtained: 

Extreme  and  average  data  on  refractive  indices  of  ether  extracts  of  pure  and 
adulterated  paprika  and  pimenton  {reading  at  J^O*  C). 


Paprika. 

Pimenton. 

Data. 

Pure. 

With 

added 

oU. 

Pore. 

With 

added 

oiL 

lilnlmom 

1.4720 
1.4825 
1.4766 
25 

1.4640 
1.4658 
1.4G49 
2 

1.4678 
1.47C5 
1.4725 
«16 

1.46fO 

MajdmaTD 

>  1.4780 

A  vcra^ 

1.4096 

NuTDbier  of  samplM 

10 

1  other  factorsJn  the  analysis  indicate  that  very  little  oil  could  have  teen  used  in  this  sample, 
s  One  sample  repeated. 

In  general  the  refractive  index  varies  less  upon  the  addition  of  oil  than  do 
the  ether  extract  and  iodin  number  of  the  ether  extract,  but  on  the  other  hand, 
it  also  varies  less  among  samples  to  which  foreign  oil  has  not  been  added.  It 
lippears,  therefore,  that  this  new  factor  can  be  of  use  in  determining  the 
presence  of  added  oil,  and  though  it  can  not  be  considered  as  conclusive  evi- 
dence by  itself,  when  taken  in  connection  with  the  amount  of  ether  extract 
and  the  iodin  number  of  the  ether  extract  it  is  to  be  r^arded  as  a  factor  of 
considerable  value. 

REPORT  ON  FATS  AND  OILS. 

By  H.  S.  Bailey,  Associate  referee, 

CJOLLABOBATIVE  WOBK  ON  THE  DETECTION  OF  BeEF  FAT  IN  LABD. 

The  work  undertaken  this  year  has  been  along  the  lines  of  the  detection  of 
small  amounts  cf  added  beef  fat  In  lard,  by  means  of  th2  glycerids  crystallized 
from  ether  solutions.  Previous  work  with  the  Belfield  test,*  which  is  now 
provisional,  has  indicated  that,  except  in  the  hands  of  those  who  have  had 
considerable  experi^ice,  It  is  unsatisfactory  for  the  detection  of  small  amounts 
of  the  adulterant 

In  1908  J.  E.  Emery  proposed  the  substitution  of  the  determination  of  the 
melting  point  of  the  glycerid  crystals  in  place  of  their  microscopic  appearance, 
as  a  method  for  detecting  the  presence  of  beef  fat*  In  the  hope  that  this  latter 
method  would  be  found  more  satisfactory  than  the  Belfield  test  the  following 
samples  and  directions  were  sent  to  15  collaborators : 

Sample  No.  15.  lard  +  3  per  cent  beef  tallow. 

Sample  No.  16,  lard  +  5  per  cent  beef  tallow. 

lU.  S.  Dept  Agr.,  Bureau  of  Chemistry  Bal.  107.  Rev.,  p.  147. 
<U.  8.  Dept  Agr.,  Bureau  of  Animal  Industry  Cir.  182. 
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Sample  No.  17,  lard  +  10  per  cent  beef  tallow. 
Sample  No.  18.  lard  -f  10  per  cent  lard  stearin. 
Sample  No.  19,  pnre  lard. 
Sample  No.  20,  lard  -f  5  per  cent  oleo. 

DiBEcnoNS. 

Technique  of  the  method.— Weigh  5  'grams  of  warm,  filtered  ftit,  within  0.1 
gram,  into  a  glass-stoppered  25  cc  cylinder  which  should  be  about  18  mm  inside 
diameter.  Add  warm  ether  up  to  the  25  cc  graduation,  stopper,  shake  vigo- 
rously until  solution  is  complete,  thai  allow  cylinder  and  contents  to  stand 
at  a  temperature  of  about  18**  O.  for  18  houra  A  slight  variation  in  tempera- 
ture makes  no  difference  in  the  results;  but  the  control,  which  should  be  run 
with  pure  lard  each  time  a  doubtful  sample  is  to  be  tested,  must,  of  course^ 
be  crystallized  at  the  same  temperature  as  the  sample  in  question. 

After  standing  the  18  hours,  more  or  less,  decant  the  supernatant  ether  from 
the  crystallized  glycerlds,  which  will  usually  be  found  in  a  compact  mass  at 
the  bottom  of  the  vessel.  Thai  add  6  cc  of  cold  ether  to  the  crystals  in  the 
cylinder,  care  being  taken  not  to  break  up  the  deposit,  and  decant.  This  is 
repeated  three  times.  The  last  time  the  crystals  should  be  loosened  from  the 
cylinder  and  transferred  to  a  small  filter  paper.  Wash  the  crystals  with  suc- 
cessive small  portions  of  cold  ether  until  15  to  20  cc  have  been  used,  then 
by  meana  of  suction  remove  the  residual  ether  quickly  and  transfer  the  filter 
paper  with  Its  crystals,  after  having  broken  up  any  large  lumps  of  glycerlds 
by  gentle  pressure,  to  a  desiccator,  where  they  will  dry  quickly.  . 

The  melting  point  of  these  glycerlds  should  be  determined  in  an  apparatus 
similar  to  that  indicated  on  page  134  of  Bulletin  107,  Revised.  The  large  test 
tube  is  approximately  150  by  25  mm  and  should  be  about  half  filled  with  water. 
The  bulb  of  the  thermometer,  with  a  melting  point  tube  having  an  internal 
diameter  of  about  1  mm,  sealed  at  one  end,  containing  the  crystals,  is  immersed 
in  the  water.  The  test  tube  is  then  placed  by  a  beaker  of  water,  care  being 
taken  that  the  surface  of  the  liquid  in  both  test  tube  and  beaker  is  about  the 
same  level.  Heat  the  water  in  the  beaker  rapidly  to  55*  C.  and  maintain  it 
there  until  the  thermometer  carrying  the  melting-point  tube  registers  a  little 
above  50*.  Raise  the  heat  again  until  the  temperature  of  the  outer  bath  is 
about  67°  C,  then  remove  the  lamp  and  note  the  temperature  at  which  the 
glycerlds  melt  to  give  a  perfectly  clear  transparent  liquid.  The  amount  of 
crystals  used  for  each  determination  should  be  approximately  the  same  each 
time  and  ought  to  occupy  a  space  about  0  mm  long  and  be  suspended  directly 
opposite  the  bulb  of  the  thermometer. 

In  performing  this  method  great  care  must  be  exercised  in  the  preparation 
of  the  sample.  The  presence  of  water  and  small  particles  of  extraneous  matter 
or  the  incomplete  solution  of  the  fat  in  the  ether  may  interfere  with  the 
process  of  crystallization,  making  it  too  rapid,  so  that  a  large  mass  of  small, 
fiuffy  crystals,  instead  of  a  compact  mass  of  larger  ones,  as  desired,  is  obtained. 
The  temperature  of  crystallization  should  not  be  less  than  15*  O.  or  more 
than  20*. 

Suggestions  to  collalforators. — It  is  suggested  that  collaborators  make  mix- 
tures of,  say,  3,  5,  10,  and  20  per  cent  of  these  adulterants  with  the  pure  lard 
and  from  a  determination  of  the  melting  point  of  the  mixed  glycerids  in  com- 
parison with  those  obtained  from  the.  pure  lard,  state  what,  in  their  opinion,  is 
the  minimum  amount  of  each  foreign  fat  that  can  be  detected  by  the  Emery 
method;  also  what  is  the  limit  with  the  Belfleld  test,  and,  of  course,  which 
of  the  unknowns  are  pure  lards  and  which  adulterated. 

The  referee  will  be  glad  to  receive  such  suggestions  and  modifications  in 
regard  to  these  methods  as  seem  desirable;  but  in  order  to  give  them,  as  they 
stand,  a  fair  test,  it  will  be  necessary  to  carry  through  one  set  of  determina- 
tions exactly  as  directed.  It  will  also  be  of  value  if  other  samples  of  lards  of 
known  purity  be  submitted  to  these  tests  by  collaborators  who  are  in  a  position 
to  secure  such. 

Tabxtlated  Resttlts. 

Very  few  results  having  been  received  by  August  9  and  several  of  the  col- 
laborators having  indicated  that  the  amount  of  time  which  they  would  be  able 
to  give  to  the  work  was  limited,  a  further  letter  was  sent  out  suggesting  that 
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if  there  were  not  time  for  all  the  work  originally  outlined,  the  Etaiery  method 
only  should  be  tested  on  the  unknown  samples.  In  reply  to  this  the  following 
results  were  received: 

Table  1. — Melting  points  of  glycerids. 


Collaborator. 

Sample 

No.— 

Lard. 

Tallow. 

Lard 
stearlzL 

Oleo 

15 

16 

17 

18 

19 

20 

stearin. 

63.6 
63.4 
64.6 
63.0 
63.8 
63.7 
63.8 

63.4 
63.2 
64.6 
62.6 
63.6 
63.6 
68.8 
68.2 
64.1 
62.7 

62.8 
62.6 
63.8 
62.4 
63.0 
63.7 
63.1 
63.0 
63.2 
61.8 

64.0 
63.9 
64.9 
63.0 
64.0 
64.0 
64.0 
64.1 
64.2 
63.2 

64.2 
63.8 
65.0 
63.6 
64.1 
63.6 
64.3 
64.1 
64.2 
62.8 

62.2 
62.0 
63.4 
61.8 
63.1 
62.6 
63.1 
62.5 
63.0 
61.9 

63.6 

59.2 

63.8 

60.0 

64.8 
63.6 

59.6 
58.6 

""e2.'8" 

59.8 
59.2 

n 

64.2 
63.8 
63.9 
64.1 
63.6 

60.5 
59.3 

63.9 
63.7 

60.7 
59.2 

64.0 
62.8 

er 

59.2 

63.3 

Table  2. — Differences  between  pure  lard  and  sample. 


Collaborator. 

Sample 

'No.- 

TaUow. 

Lard 
stearin. 

Oleo 

15 

16 

17 

18 

19 

20 

stearin. 

-R.  R.  RAhnHdi^r 

-0.8 
.0 

-  .4 

-  .2 

-  .6 

-  .3 

-  .5 
.0 

-0.9 

-  .2 

-  .6 

-  .2 
-1.0 

-  .5 

-  .6 
.0 

-  .7 
.0 

i-L8 

-  .8 
-L2 
-LO 
-L2 
-LI 

-  .5 

-  .7 

-  .9 

-  .9 

-0.4 
+  .4 
+  .1 

-  .1 

-  .6 

-  .1 

-  .2 
+  .2 
+  .2 
+  .1 

-0.8 

-  .6 

V+L2* 
.0 

-  .6 
+  .2 
+  .1 

-1.7 
-L4 
-1.8 
-L4 
-L8 
-LO 
-L6 
-  .7 
-L4 
-1.1 

-4.4 
-4.4 

-0.3 
+  .2 

R.  H.  Kerr 

-3.6 

R.  R.  Henly  « 

R.C.Kent: 

-5.2 
-5.0 

"-"."s 

-5.0 

C.P.Wllaon 

H.S.Bailey*. 

-4.4 

C.  W.  Hanison 

H.  D.  Poore 

-3.3 
-3.6 

+  .1 
-  .2 

—2.9 

W.B.  Smith 

—3.7 

L.  B.  Bumet 

-  .1 

-  .32 

-  .47 

-  .92 

-  .04 

-  .22 

-1.39 

»  Omitted  from  average. 

t  Unknown  No.  19,  which  was  same  as  lard  sent  out  taken  for  calculating  diflerenoe. 

Table  3. — Results  showing  judgment  of  collaborators  on  purity  of  samples. 


Analyst. 

No.  15. 

3  per  cent 

taliow. 

No.  16. 

5  per  cent 

tallow. 

No.  17. 
10  per  cent 

tAllOW. 

No.  18. 
10  per  cent 
lard  stearin. 

No.  19. 
Pure  lard. 

No.  30. 

5  per  cent 

oleo. 

R.H.KerT 

R.  R.  Henly 

Pure 

do 

Small  adul- 
teration. 
Adulterated. 

Doubtful.... 

Adulterated  1 
do 

Pure 

Adulterated. 
do 

Pure 

do> 

4  or  5  per 

cent. 
More   adul. 

teretion. 
Adulterated. 
Adulterated! 

do 

do 

do 

Pure 

do 

do 

do» 

Pure 

do 

do 

do» 

Large 

amount. 
Adulterated. 

R.C.Kent 

C.  P.  Wilson 

DoubtftiL... 
Adulterated! 

do 

Pure 

DoubtftiL... 

Pure 

Adoltmtedi 

Do. 
Do.> 

L.B.Baniett.... 

H.  8.  Bailey 

C.  W.  HazHson.... 

H.D.  Poore* 

A.  F.  Seeker 

Adulterated. 
do 

do 

do 

Do. 
Do. 
Do. 

Doubtftil.... 
Adulterated. 
do> 

do 

Adulterated! 

Pure 

do 

d» 

Adulterated. 

Pure 

Adulterated! 

Pure 

do 

Adnltsrated. 

Do. 
Do. 
Do.t 

W.B.  Smith 

Adulterated. 
do 

do 

do 

do 

db 

Do. 

Do 

B.B.Sehnddtf... 

Adulterated. 

Adolteratad. 
Large 
amount. 

Adultsrated. 

1  Belflald  test. 

*  Calculated,  by  referee,  on  assumption  that  a  difference  of  —0.2*  indicates  doubtful  purity  and  that  a 
diflez^Doe  of  —0^*  shows  undoubted  adulteration. 
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CyOMMENTS  OF  Ck)LLAB0RAT0B8. 

A.  F,  Seeker,  New  York  Food  Inspection  Laboratory:  ah  examination  of  the 
samples  sent  by  the  referee,  following  the  directions  given  under  the  Belfield 
test  in  Bnlletin  107,  Revised,  showed  that  the  lard  and  lard  stearin  crystallized 
from  ether  in  similar  form,  while  most  of  the  crystals  obtained  from  the  oleo- 
stearin  and  tallow  (which  also  resembled  each  other)  differed  from  the  first 
two  and  could  readily  be  distinguished  from  them  under  the  microscope.  Even 
In  the  case  of  pure  lard,  however,  there  were  a  few  crystal  groups  which  could 
not  be  distinguished  from  some  of  the  tufts  found  in  pure  oleo  stearin,  so  that 
upon  the  examination  of  mixtures  of  lard  and  oleo  stearin  and  of  the  samples 
numbered  15  to  20,  It  was  in  many  cases  found  impossible  to  tell  with  absolute 
certainty  whether  the  characteristic  beef  stearin  crystals  were  present  or  not 
I  feel  diat  the  Belfield  test  in  its  present  form  is  unreliable,  and  report  the 
results  obtained  without  confidence  in  their  accuracy. 

Homer  D.  Poore,  New  York  Food  Inspection  Laboratory:  It  was  found  that 
the  melting  point  varied  directly  with  the  amount  of  oleo  stearin  present  up  to 
10  per  cent,  but  the  10,  20,  and  40  per  cent  mixtures  gave  the  same  melting  point. 
The  melting  points  obtained  with  the  3  and  5  per  cent  mixtures  show  that  a 
difTerence  of  1  per  cent  of  oleo  stearin  changes  the  melting  point  from  0.2®  to 
0.3**.  Therefore  an  8  per  cent  mixture  would  probably  have  the  same  melting 
point  as  a  10  per  cent.  The  conclusions  arrived  at  from  these  results  are  that 
amounts  of  oleo  stearin  in  lard  up  to  8  per  cent  may  be  detected  within  1  per 
cent,  while  amounts  over  8  per  cent  will  give  the  same  melting  point,  which 
shows  adulteration  but  gives  no  indication  of  the  amount  of  adulteration.  A 
10  per  cent  mixture  of  tallow  gave  a  melting  point  which  showed  no  adultera- 
tion, while  a  20  per  cent  mixture  gave  one  that  did. 

Paul  Rudnick,  Arrnour  rf  Co.:  We  did  quite  a  lot  of  work  on  both  the  Emery 
and  Belfield  methods,  and  in  addition  to  that,  some  by  the  so-called  Stork 
method ;  but  the  results  were  absolutely  unsatisfactory,  chiefly  because  of  a  lack 
of  facilities,  for  maintaining  the  correct  temperature. 

R.  H.  Kerr,  Bureau  of  Animal  Industry:  The  slight  difference  noted  between 
Mr.  Henley's  results  and  my  own  are  due  to  a  slightly  lower  temperature  of 
crystallization  which  he  employed.  The  temperature  for  my  work  was  between 
17**  and  18°  C. 

B,  B.  Schneider,  Bureau  of  Chemistry:  It  would  be  better,  in  my  opinion,  if 
in  the  determination  of  the  melting  points  the  temperature  of  the  outer  bath 
were  held  at  a  maximum  of  65**  or  66**  C.  for  high  melting-point  mixtures. 
When  held  at  67**  O.  the  rise  of  temperature  of  the  inner  bath  is  too  rapid  for 
accurate  reading. 

Summary  of  Results. 

Summarizing  in  brief  the  results  tabulated  in  Table  2 : 

On  sample  No.  15,  which  contained  3  per  cent  of  tallow,  of  the  9  collaborators 
reporting,  4  were  Incorrect,  3  doubtful,  and  2  correct,  in  their  judgment  of  the 
purity. 

Similarly  with  No.  16  containing  5  per  cent  of  added  tallow,  11  reports  were 
received  of  which  2  were  wrong,  1  doubtful,  and  8  correct 

On  sample  No.  17,  containing  10  per  cent  of  tallow,  11  reports  were  received, 
of  which  none  was  wrong,  1  was  doubtful,  and  10  were  correct. 

On  sample  No.  18,  containing  10  per  cent  of  lard  stearin,  which  while  not 
lard  in  the  true  sense  is  still  a  hog  fat  and,  therefore,  not  detectable  by  either 
of  the  methods  tried,  11  reports  were  received,  1  being  incorrect,  10  correct 

Sample  No.  10,  which  was  the  same  pure  lard  as  that  sent  for  comparison,  was 
reported  by  2  collaborators  as  adulterated  while  8  were  correct  in  their  judg- 
ment 

Sample  No.  20,  containing  5  per  cent  of  oleo,  was  in  every  case  reported  as 
adulterated. 

The  tabulated  results  and  the  comments  of  various  collaborators  Indicate  a 
wide  difference  of  opinion  as  to  the  value  of  the  proposed  method.  That  It 
can  be  carried  out  with  much  more  facility  and  less  expensive  apparatus, 
DO  microscope  being  needed,  than  the  Belfield  test,  there  is  no  doubt,  and  as  it 
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has  been  in  constant  use  in  the  Bureau  of  Animal  Industry  for  the  past  two 
or  three  years  and  has  given  full  satisfaction,  I  think  it  wise  that  steps  be  taken 
to  have  it  adopted  as  provisional.  Further  work,  however,  should  be  done 
on  this  method  next  year,  and  it  is  hoped  that  with  this  year's  experience 
attention  can  be  confined  to  a  narrower  field  of  investigation,  so  that  the  time 
which  It  will  be  necessary  for  collaborators  to  give  to  future  work  will  be  very 
small. 

REPORT  ON  THE  ADULTERATION  OF  DAIRY  PRODUCTS. 

By  A.  B.  PaulI  Associate  Referee, 

At  last  year's  meeting,  further  study  of  the  Roese-Gottlieb  method,  as  applied 
to  ice  cream,  milk  powders,  malted  milk,  milk  chocolate,  and  cheese  was  recom- 
mended. This  work,  however,  naturally  falls  to  the  referee  on  dairy  products, 
and  there  was  no  recommendation  properly  coming  under  the  head  of  adul- 
teration. 

Looking  over  this  field,  the  referee  was  struck  by  the  possibilities  for  fraud 
introduced  by  the  **  homogenizer,"  which  is  just  coming  into  use.  This  machine 
enables  the  unscrupulous  manufacturer  not  only  to  substitute  process  butter 
and  skimmed  milk  for  cream,  but  to  "  fill "  any  or  all  dairy  products  with  what- 
ever foreign  fat  he  chooses  to  employ.  The  difficulty  of  incorporating  such 
adulterants  has,  up  to  the  present  time,  practically  prevented  such  practice. 

The  study  of  the  examination  of  fats,  unmixed  with  other  ingredients,  has 
been  very  thoroughly  carried  on  by  the  referees  on  that  subject  However,  the 
separation  of  sufficient  fnt  for  a  suitable  examination,  from  such  products  as 
lee  cream,  condensed  milk,  evaporated  milk,  cream  and  fresh  milk,  presents 
certain  difficulties.  At  least  7  to  10  grams  are  required,  and  from  a  giv«i 
sample,  the  fat  should  be  separated  quantitatively  or  nearly  so,  in  order  to 
eliminate  the  possibility  of  a  selective  separation  of  fatty  bodies.  Any  chraiical 
alteration  of  the  fat  must  be  avoided  and  oxidation  must  be  guarded  against 

In  working  out  a  suitable  method  several  attempts  proved  unsatisfactory. 
One  of  these,  a  wet  method  based  upon  the  Roese-Gottlieb  method,  was  fairly 
successful,  but  had  to  be  discarded  because  of  the  large  amounts  of  inflam- 
mable materials  involved,  which  would  raider  the  operations  exceedingly 
dangerous.  The  method  to  be  described  appears  to  be  In  every  way  satisfactory. 
The  separation  of  the  fat  is  practically  quantitative,  the  time  consumed  in 
carrying  out  the  operation  is  insignificant,  and  the  amount  of  volatile  solvent 
used  is  very  small  indeed. 

Unfortunately,  circumstances  made  it  impossible  to  carry  out  this  work  until 
rather  late  in  the  year.  The  method  was  submitted  to  the  collaborators  with 
the  request  that  it  be  tried  on  samples  procured  in  the  open  market  and  a 
report  returned,  this  to  Include  the  determination  of  fat  by  the  Roese-Gottlieb 
method,  and  the  percentage  of  fat  recovered  by  the  method  submitted. 

Owing  no  doubt  to  the  lateness  of  the  request,  no  returns  were  received.  Ikly 
own  results  on  three  products  examined  were  as  follows: 

Vanilla  ice  cream : 

Fat,  Roese-Gottlieb per  cent—  7.68 

Fat  recovered  from  100  grams  of  sample grams—  7. 61 

Evaporated  milk : 

Fat,  Roese-Gottlieb per  cent—  7.88 

Fat,  recovered  from  100  grams  of  sample grams..  7. 68 

Ck)ndensed  milk  (sweetened)  : 

Fat,  Roese-Gottlieb per  c«it—  9.03 

Fat,  recovered  from  100  grams  of  sample grams, ,  a  96 
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It  Is  recommended  that  the  method,  which  reads  as  follows,  be  fuither 
studied : 

Method  of  extracting  fat  from  cream,  ice  cream,  evaporated  milk,  and  sweet- 
ened condensed  milk, — Into  a  1,000-cc  beaker  weigh  100  grams  (cream,  50 
grams)  of  the  material.  Add  300  cc  water,  mix  thoroughly,  and  bring  to  a 
boil.  Then  add,  while  boiling,  very  gradually,  25  cc  of  Soxhlet*s  copper  sul- 
phate solution,  diluted  with  100  cc  water. 

In  a  BOchner  funnel  wet  a  filter  of  suitable  size  and  of  loose  texture.  Filter 
with  suction  and  wash  three  times  with  a  little  boiling  water.  Filter  as  dry 
as  possible.  Remove  the  cake,  which  should  be  dry  enough  to  be  broken  up 
easily  between  the  fingers.  Break  into  small  particles  and  dry  In  the  open 
air  overnight  Grind  in  a  mortar  with  a  sufficient  amount  of  anhydrous  copper 
sulphate  (usually  25  grams  is  enough)  and  let  stand  for  a  few  minutes,  or 
until  the  product  seems  quite  dry  and  not  at  all  lumpy. 

Put  a  layer  of  anhydrous  copper  sulphate  in  the  inner  tube  of  a  large  ex- 
tractor and  then  add  the  powdered  mixture.  Place  a  loose  plug  of  cotton  on 
top  of  the  mixture  and  extract  with  ordinary  ether.  The  ether  should  be 
poured  into  the  extractor  and  allowed  to  percolate  through  before  the  heating 
is  begun.  Approximately  50  cc  of  the  solvent  will  be  required.  Dry  and  weigh 
the  fat 

REPORT  ON  CEREAL  PRODUCTS. 

By  H.  L.  WerrE,  Associate  Referee. 

Introduction. 

At  the  meeting  of  this  association  held  in  1910  it  was  recommended,  "  That 
the  associate  referee  on  cereal  products  be  instructed  to  devote  special  attention 
to  methods  for  analyzing  and  testing  wheat  and  flour." 

Plan  of  work, — As  no  methods  for  the  analysis  of  cereal  products  are  included 
under  that  head  in  Bulletin  107,  Revised,  it  was  deemed  advisable  by  the  asso- 
ciate referee  to  try  out,  as  far  as  possible,  all  methods  in  general  use  by  mem- 
bers of  this  association  and  others  interested  In  this  line  of  Investigations. 
Accordingly,  after  correspondence  with  several  members  of  the  association, 
methods  were  collected  from  various  sources  and  sent,  together  with  two  sam- 
ples of  flour,  to  each  of  the  10  chemists  who  offered  to  collaborate  in  this  worlc 

Samples. — Sample  A  was  a  straight  flour  from  Fife  wheat  of  the  1909  crop, 
grown  in  the  Red  River  Valley,  near  Fargo,  N.  Dak.,  and  had  been  in  storage 
in  the  elevator  of  the  mill  at  the  North  Dakota  agricultural  experiment  station 
until  milled  March  29,  1911.  Sample  B  was  a  patent  flour  from  durum  wheat, 
Amautka  variety,  of  the  crop  of  1909,  grown  at  Edgeley,  N.  Dak.  The  wheat 
was  In  storage  in  the  same  elevator  as  sample  A  until  milled  March  29, 1911. 

Methods. 

The  statements  in  parentheses  indicate  source  or  by  whom  suggested. 

MOISTUBE. 

Method  A, — (Adapted  from  Leach's  Food  Inspection  and  Analysis.)  Weigh 
out  5  grams  of  flour  into  a  flat-bottomed  dish,  and  dry  five  hours  in  a  water 
oven  at  temperature  of  boiling  water. 

(Note. — Flat-bottomed  dishes  of  aluminum  are  excellent  for  use  in  this 
method.) 

Method  B. — (Bui.  No.  122,  pp.  53-54.)  Dry  a  convenient  quantity  of  flour, 
approximately  5  grams,  at  the  temperature  of  boiling  water,  in  a  current  of 
diy  hydrogen  or  in  vacuo,  until  it  ceases  to  lose  weight. 

Method  (7.— (H.  P.  Bassett,  Bui.  No.  122.  pp.  55-58.)  After  treatment 
with  ether  (see  ether  extract  Bassett*s  method),  dry  the  residue  for  flve  hours 
in  a  water  oven.  The  loss  in  weight  represents  both  ether  extract  and  moisture. 
From  total  loss  in  weight  per  cent  subtract  the  per  cent  of  ether  extract 
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ASH. 

Method  A. — (A.  L.  Winton.)  Bum  5  grams  of  flour  In  an  electric  muffle  fur- 
nace below  redness.  In  case  an  ash  free  from  carbon  is  not  obtained,  add  a  few 
drops  of  nitric  acid,  evaporate  on  a  water  bath,  and  place  again  in  the  muffle 
furnace  for  a  few  moments,  repeating  the  operation  two  or  three  times  if 
necessary. 

Method  B. — (Bui.  No.  122,  p.  54.)  Char  a  convenient  weight  of  the  original 
sample,  approximately  5  grams,  in  a  platinum  dish,  in  a  muffle,  at  the  lowest 
possible  temperature  until  free  from  carbon.  If  carbon-free  ash  can  not  be 
obtained  owing  to  its  fusibility,  cool,  add  a  small  quantity  of  water,  warm 
slightly,  drain  the  more  soluble  portions  of  the  ash  from  the  carbonaceous 
residue,  carefully  dry,  and  relncinerate  to  constant  weight 

Note. — A  few  drops  nitric  acid  may  be  added,  but  if  bo  the  ash  must  be 
carefully  fused  until  all  evolution  of  gases  ceases  or  slightly  high  results  are 
likely  to  be  obtained. 

Method  C— (Adapted  from  2  (&),  p.  21,  Bui.  107,  Revised.)  Weigh  out  5 
grams  of  flour  into  a  porcelain  crucible,  moisten  thoroughly  with  10  cc  of 
calcium  acetate  solution  and  dry  on  a  hot  plate.  Heat  over  an  ordinary  burner, 
with  low  flame,  until  ash  is  white,  then  use  blast  lamp  one  minute,  cool  and 
weigh.  Subtract  weight  of  calcium  oxld  from  total  weight.  The  calcium  ace- 
late  solution  is  made  by  dissolving  1.8  grams  precipitated  calcium  carbonate  in 
pure  acetic  acid  and  diluting  to  1  liter.  Standardize  by  evaporating  10  cc  of 
the  solution  to  dryness  and  treat  as  an  ash. 

ETHEB    EXTBACT. 

Method  A, — (Bui.  No.  122,  p.  54.)  Extract  a  convenient  quantity  of  the 
product  (from  4  to  5  grams)  as  dried  in  the  determination  of  moisture  with 
anhydrous,  alcohol-free  ether,  for  24  hours  (with  fine  flour  the  addition  of  an 
equal  weight  of  clean,  dry  sand  is  frequently  necessary).  Dry  the  extract  at 
the  temperature  of  boiling  water  until  It  ceases  to  lose  weight 

Note. — lodin  numbers  should  be  obtained  upon  the  ether  extract  after  puri- 
flcation  by  solution  in  petrolic  ether,  but  are  best  made  upon  the  petroleum 
ether  extract 

Crude  ether  extract  may  also  be  purifled  with  acetone  for  the  determination 
of  the  iodin  number. 

Method  B.— (H.  P.  Bassett,  Bui.  No.  122,  p.  55.)  Weigh  10  grams  of  flour 
into  a  tared  Gooch  crucible  of  about  20  grams  capacity,  place  in  an  ordi- 
nary Gooch  funnel  and  insert,  by  means  of  a  two-hole  rubber  stopper.  Into 
the  top  of  a  low  bell  Jar  resting  on  a  glass  plata  Fill  the  crucible  six  times 
with  anhydrous  alcohol-free  ether,  drawing  off  each  portion  with  a  fllter  pump. 
Collect  the  ether  extract  in  a  bulb  flask  similar  to  those  used  with  a  Soxhlet 
apparatus.  Connect  the  bulb  with  an  upright  condenser  and  distil  off  the 
ether,  using  a  32  candlepower  lamp  as  a  source  of  heat  Dry  the  flask  one  hour 
In  the  water  oven,  cool  and  weigh. 

ACIDITY  OF   WATER  EXTRACTS  OF  FLOUR. 

Method  A.— (Bui.  No.  122,  p.  54.)  Weigh  18  grams  of  flour  into  a  500  cc 
Erlenmeyer  flask  and  add  2(K)  cc  of  distilled  water  previously  freed  from  carbon 
dioxld  by  boiling  in  tin  and  neutralized  if  need  be.  Place  loosely  stoppered 
flask  in  a  water  bath  kept  at  40"  C.  for  10  minutes,  shaking  repeatedly.  Re- 
move the  flask  and  allow  it  to  stand,  with  occasional  shaking,  at  room  tempera- 
ture for  one  hour.  Filter  upon  dry  folded  fllter,  rejecting  the  flrst  10  c<*  and 
receiving  the  succeeding  100  cc  in  a  graduate  flask.  Titrate  the  flltrate  with 
twentieth-normal  sodium  hydroxid,  using  carefully  neutralized  phenolphthal^n 
in  alcohol  as  an  indicator.  Each  cubic  centimeter  of  twentieth-normal  sodium 
hydroxid  represents  0.05  per  cent  of  acidity  as  lactic  add. 

Note. — Results  obtained  with  flour  at  temperatures  of  15*,  20*,  and  25*,  re- 
spectively, indicate  that  the  acidity  In  the  solution  increases  with  the  tempera- 
ture.   The  method  outlined  above  seems  to  give  the  maximum  acidity. 

Method  B.— (H.  L.  White.)  Proceed  as  in  Method  A,  except  that  the  flask 
should  be  kept  in  a  water  oven  maintained  at  40"  C.  for  two  hours,  ahAkYng 
vigorously  every  half  hour.  At  the  end  of  the  two-hour  period  decant  the 
liquid  portion,  shake  with  10  to  20  grams  of  kaolin  or  clean  quartz  sand  before 
pouring  on  fllter  paper.    Express  as  per  c^it  lactic  acid. 
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SOLUBLE  OARBOHYDBATES  AS  DEXTROSE. 

Method  A. — (Bui.  No.  122,  p.  54.)  Weigh  16  grams  of  flour  Into  a  600  cc 
flask.  Add  200  cc  of  water.  Shake  occasionally  during  one-half  hour.  Filter 
through  a  dry  folded  fllter.  To  50  cc  of  the  filtrate  add  5  cc  of  concentrated 
hydrochloric  acid.  Place  the  fiask  in  water  and  Invert  at  70*  C.  for  10  minutes. 
Cool,  neutralize,  and  bring  to  100  cc.  Filter.  Determine  the  reducing  sugars 
with  Fehling  solution,  by  the  official  method,  as  described  in  Bulletin  107, 
Revised,  calculating  the  reducing  sugars  as  dextrose. 

The  methods  of  A.  H.  Bryan,  A.  Given,  and  M.  N.  Straughn  for  the  deter- 
mination of  sugars  (Bureau  of  Chemistry  Circular  No.  71)  were  also  recom- 
mended for  trial  by  the  collaborators.    These  methods  are  stated  as  follows : 

Statement  of  Bryan,  Oiven,  and  Straughn  method  for  sugars  in  cereals,  etc, 

(o)  Preparation  of  solution. — Place  12  grams  of  the  finely  ground  material  in 
a  300  cc  graduated  flask,  with  1  to  3  grams  of  precipitated  calcium  carbonate  to 
neutralize  the  acidity,  add  150  cc  of  50  per  cent  alcohol  by  volume  (carefully 
neutralized),  mix  thoroughly,  and  boil  on  steam  bath  for  one  hour,  using  a 
small  funnel  in  the  neck  of  the  flask  to  condense  the  vapor.  Cool,  make  to 
volume  (3(X)  cc)  with  95  per  cent  alcohol  (neutral  in  reaction),  mix  thoroughly, 
allow  to  settle.  Transfer  200  cc  to  a  beaker  with  a  pipette  and  evaporate  on  a 
steam  bath  to  a  volume  of  from  20  to  30  cc,  Jmt  not  to  dryness.  This  should 
remove  all  but  traces  of  alcohol.  Add  20  cc  of  water,  stir,  and  transfer  the 
solution  to  a  100  cc  graduated  flask  and  wash  the  beaker  with  water  into  the 
flask.  Add  to  this  enough  saturated  solution  of  neutral  lead  acetate  from  a 
burette  or  pipette  to  produce  complete  precipitation,  but  avoid  an  excess. 
Allow  to  stand  15  minutes  and  make  up  to  volume  of  100  cc  with  water,  shake 
well,  and  fllter.  At  least  75  cc  of  filtrate  should  be  obtained.  Add  anhydrous 
sodium  carbonate  or  potassium  or  sodium  oxalate  to  precipitate  all  the  lead, 
allow  to  stand  15  minutes,  and  pour  onto  an  ashless  filter.  Test  the  filtrate  for 
lead  with  small  quantities  of  the  precipitating  agents  mentioned  above  and 
refllter  if  necessary.  This  solution  represents  the  sugars  from  8  grams  of  the 
original  material  and  is  used  in  the  following  determination ; 

(6)  Reducing  sugars, — Twenty-five  cubic  centimeters  of  the  filtrate,  together 
with  25  cc  of  water,  are  used  as  the  sugar  solution  for  Munson  and  Walker's 
method  (see  p.  241,  Bui.  107,  Rev.),  or  25  cc  of  the  solution  can  be  used  for 
Allihn's  method  (see  p.  49,  ibid.).  With  Alllhn's  method  the  amount  of  dex- 
trose found  is  multiplied  by  the  factor  1.044  to  obtain  the  equivalent  in  invert 
sugar. 

(c)  Sucrose, — In  a  covered  4<X)cc  beaker  place  60  cc  of  the  filtrate  from  (a). 
In  case  sodium  carbonate  was  used  to  throw  out  the  lead,  add  a  small  piece 
of  litmus  paper  or  neutralize  with  acetic  acid,  then  add  5  cc  of  concentrated 
hydrochloric  acid  and  allow  to  stand  overnight  for  inversion.  Where  potas- 
sium or  sodium  oxalate  was  used  for  removing  lead  it  is  not  necessary  to 
neutralize,  but  the  acid  can  be  used  direct  At  the  expiration  of  the  24  hours 
neutralize  with  anhydrous  sodium  carbonate  and  wash  into  a  100  cc  fiask  and 
make  up  to  the  mark.  Filter  if  necessary,  and  use  50  cc  for  the  determination 
of  total  sugars  as  invert  by  the  method  of  Munson  and  Walker  or  25  cc  by 
the  method  of  Allihn.  The  percentage  of  reducing  sugars  before  inversion 
calculated  as  invert  sugar  is  subtracted  from  the  percentage  of  total  invert 
sugar  after  inversion,  and  this  product  multiplied  by  0.95  gives  the  percentage 
of  sucrose. 

For  more  exact  results  it  is  necessary  to  determine  the  volume  occupied  by 
the  12  grams  of  material  used  in  this  work  and  to  account  for  it  A  large 
number  of  determinations  have  shown  the  average  volume  of  12  grams  to  be 
9  cc.  Therefore  the  correction  for  this  would  be  0.97,  and  hence  the  percentage 
of  original  sugars  and  sucrose  should  be  multiplied  by  this  factor  to  obtain  the 
true  amounts. 

GABOLINI  OOLOB  VALUX. 

Method  A, — (A.  L.  Winton,  see  Bui.  137,  p.  146,  for  full  statement  of  method.) 
Note. — ^A.  S.  Mitchell  recommends  the  use  of  a  Kennlcult-Sargent  colorimeter, 
using  a  0.005  per  cent  water  solution  of  potassium  chromate  as  a  standard. 
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TOTAL  NITBOGEN. 

Method  A. — (Bnl.  No.  122,  p.  54.)  Determine  the  total  nitrogen  in  2  grams 
of  flour  according  to  the  official  method,  preferably  the  Gunning  method. 
Bulletin  107»  Revised,  page  7.    The  nitrogen  times  5.75  gives  total  protelds. 

ALCOHOL  SOLUBLE  PBOTEIDS. 

Method  4.— (Bui.  No.  122,  p.  55.)  Weigh  4  grams  of  flour  Into  a  500  cc 
Erlenmeyer  flask,  add  200  cc  of  alcohol,  0.90  specific  gravity.  Shake  occasion- 
ally during  three  hours.  Let  stand  twelve  hours.  Filter  through  a  dried  filter. 
Evaporate  the  alcohol  from  100  cc  of  the  filtrate  after  the  addition  of  5  cc  of 
sulphuric  acid  and  determine  the  nitrogen  as  alcohol  soluble  nitrogen.  (This 
figure  less  the  amid  nitrog^i  gives  the  alcohol  soluble  proteid  nitrogen  or 
gliadin.) 

GLOBULIN   AND   ALBUMEN    (EDESTIN    AND  LEUOOSIN)    AND  AMID   NITROGEN. 

Method  A.— (Bui.  122,  p.  54.)  Weigh  5  grams  of  flour  Into  a  500  cc  Erlen- 
meyer flask.  Add  250  cc  of  sodium  chlorid  solution  1  per  cent.  Stopper  and 
shake  thoroughly.  Let  stand,  with  occasional  shaking,  for  three  houra  Filter 
on  dry  paper.  Evaporate  100  cc  of  the  flltrate  to  small  volume  in  a  Kjeldahl 
digestion  flask  with  5  cc  of  sulphuric  acid.  Add  remainder  of  the  sulphuric 
acid  and  determine  the  nitrogen  by  the  Gunning  method.  To  a  second  100  cc 
of  the  flltrate  add  5  cc  of  phosphotungstic  acid,  20  per  cent  solution;  shake 
thoroughly,  allow  to  settle,  and  fllter  by  decantation.  Wash  slightly  with 
water.  Ck)i^centrate  the  filtrate  with  5  cc  of  sulphuric  acid  in  Kjeldahl  flask 
and  determine  the  nitrogen  as  amid. 

Deduct  the  amid  nitrogen  from  the  nitrogen  found  in  the  first  fraction  to 
obtain  the  nitrogen  as  globulin  and  albumen.  This  figure  times  6.25  gives 
globulin  and  albumen. 

GLUTENIN   (BT  DIFFERENCE). 

Method  A, — (Bui.  No.  122,  p.  55.)  Deduct  from  the  total  nitrogen  the  salt 
soluble  nitrogen  plus  the  gliadin.    This  times  6.25  gives  the  glutenin. 

OLIADIN  BY  POLABIZATION. 

Method  A.— (Snyder,  Bui.  No.  122,  p.  55.)  Weigh  15.97  grams  of  flour  Into 
a  8(X)  cc  flask.  Add  100  cc  of  0.90  specific  gravity  alcohol.  Shake  at  intervals 
during  three  hours  and  let  stand  overnight.  Filter  through  a  dry  folded  filter. 
Polarize  In  a  220  mm  tube.  Precipitate  the  protelds  in  50  cc  of  the  filtrate 
with  5  cc  of  Millon's  reagent  Shake,  filter,  and  polarize  the  filtrate  in  a  220 
mm  tube.  Add  50  per  cent  to  the  reading  and  deduct  the  sum  from  the  first 
reading.    This  difference  times  0.2  gives  the  per  cent  of  nitrogen  as  gliadin. 

Method  B, — (D.  W.  Shaw.)  Weigh  15.97  grams  of  flour  into  a  300  cc  flask« 
add  100  cc  of  0.90  specific  gravity  alcohol.  Shake  at  intervals  during  three 
hours  and  let  stand  overnight  Filter  through  a  dry  folded  filter.  Polarize  in 
a  200  mm  tube.  Precipitate  the  protelds  in  50  cc  of  the  filtrate  with  5  cc  of 
Millon's  reagent  Shake,  filter,  and  polarize  the  filtrate  in  a  200  mm  tube. 
Add  10  per  cent  to  the  reading  and  deduct  the  sum  from  the  first  reading. 
This  difference  times  0.2  gives  the  per  cent  of  nitrogen  as  gliadin. 

(Note  by  A.  S.  Mitchell. — Fleurent  has  devised  a  modification  for  gliadin 
in  which  an  addition  of  0.2  per  cent  of  sodium  hydroxid  is  added  to  the  70  per 
cent  alcohol.  In  our  trials  thus  far  the  mixture  has  been  hard  to  filter,  and 
the  modification  has  not  proved  very  satisfactory.  Please  also  note  that  vari- 
ous workers  are  using  slightly  different  percentages  of  alcohol;  for  example, 
Shaw  has  used  specific  gravity  0.90.  Many  workers  use  70  per  cent  by  volume. 
It  seems  immaterial  to  me  which  is  used,  but  I  think  one  or  the  other  ought 
to  be  definitely  fixed  upon.) 

DETERMINATION  OF  MOIST  GLUTEN. 

Method  A.— (Bui.  No.  122,  p.  54.)  Dough  up  30  grams  of  fiour  with  18  cc 
of  water  conveniently  in  an  8-ounce  mortar.  Weigh  off  16  grams  of  dough 
equivalent  to  10  grams  of  flour.    Place  in  water  at  room  temperature  for  one 
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hour  and  carefully  wash  out  the  starch  over  boiling  doth  or  a  fine  horse- 
hair sieve.  After  expressing  all  globules  of  water,  weigh  the  moist  gluten  upon 
a  watch  glass.    Dry  in  a  desiccator  for  24  hours  and  complete  drying  in  water 

OY&L 

CBUDE  FIBEB» 

M€t7u>d  A, — (Bui.  No.  122,  p.  64.)  Determine  the  crude  fiber  In  2  grams  of 
flour  by  the  official  method  (Bui.  107,  Rev.,  p.  56),  filtering  through  linen  In  a 
Btichner  funnel. 

Baking  teat  method  (C.  H,  Bailey). 

Formula :  Flour,  340  grams ;  sugar,  15  grams ;  yeast,  10  grams ;  salt,  5  grams, 
and  sufficient  water. 

Method:  All  ingredients  should  first  be  warmed  to  a  temperature  of  32**  C, 
and  the  fermentation  conducted  in  a  regulated  fermentation  cabinet  at  the 
same  temperature.  Weigh  340  grams  of  flour  into  a  tight  can  or  box,  and 
place  in  the  fermentation  cabinet  for  at  least  one  hour  before  mixing.  The 
salt  may  be  weighed  into  one-half  gallon  stoneware  Jars,  which  are  used  as 
receptacles  for  the  dough  during  the  fermentation  period,  and  the  sugar  weighed 
into  packages  which  are  then  ready  for  use  at  the  proper  time.  The  yeast 
mixture  is  prepared  as  follows:  Weigh  enough  compressed  yeast  for  a  baking, 
pluB  enough  for  an  extra  loaf,  into  a  salt-mouth  bottle,  and  add  a  quantity 
of  warm,  distilled  water,  equivalent  to  30  cc  for  every  10  grams  of  yeast  taken, 
and  mix  the  whole  thoroughly.  This  mixture  should  be  prepared  at  least 
half  an  hour  before  the  work  of  sponging  is  commenced,  being  allowed  to  stand 
in  the  fermentation  cabinet  during  the  interval ;  37.6  cc  of  this  yeast  suspension 
is  equivalent  to  10  grams  of  yeast  and  30  cc  of  water,  and  this  quantity  is 
taken  in  mixing  each  sponge. 

The  method  of  incorporating  the  materials  into  the  dough  Is  as  follows: 
140  cc  of  distilled  water  (or  less  if  the  flour  is  soft  and  fluffy  in  character) 
and  37.6  cc  of  the  yeast  suspension  are  placed  in  a  stoneware  Jar,  which  already 
contains  5  grams  of  salt,  and  into  this  mixture  about  two-thirds  of  the  flour, 
or  enough  to  form  a  soft  sponge,  is  stirred.  The  Jar  is  covered,  placed  in  the 
fermentation  cabinet,  and  allowed  tb  remain  there  for  about  90  minutes. 

The  sponge  is  then  cut  out  of  the  Jar  and  placed  In  a  mixhig  machine 
(or  on  a  smooth  mixing  board,  provided  no  machine  is  available)  together 
with  15  grams  of  sugar  and  the  remainder  of  the  flour,  which  has  been  kept 
warm  in  the  meantime.  When  the  Wemer-Pflelderer  machine  is  used,  about 
200  revolutions  of  the  slow  blade  are  required  to  thoroughly  mix  the  dough. 
If  the  mixing  is  done  on  a  board,  It  will  require  from  12  to  15  minutes  hand- 
mixing  to  produce  a  dough  of  uniform  consistency.  Water  is  added  a  little 
at  a  time  during  the  mixing  until  the  dough  is  of  the  proper  consistency. 
Judging  of  the  consistency  is  a  matter  that  requires  experience  and  practice, 
there  being  no  known  device  that  will  determine  when  the  proper  condition 
is  reached  better  than  the  skilled  human,  hand.  When  thoroughly  mixed  the 
dough  Is  returned  to  the  same  Jar  and  again  placed  In  the  fermentation  cabinet 
for  about  45  minutes,  at  which  time  it  is  removed  from  the  Jar  and  the  mass 
of  dough  lightly  molded  and  replaced  the  other  side  up.  In  about  20  minutes 
the  dough  Is  again  removed,  from  the  Jar,  molded  into  a  loaf,  and  placed  in 
a  well-greased,  oblong,  black,  iron  baking  pan.  This  pan  Is  5i  Inches  deep, 
3  by  5i  inches  at  the  bottom,  and  3^  by  6}  inches  at  the  top.  The  mass  of 
dough  is  pricked  about  10  times  with  a  long  needle,  placed  in  the  fermentation 
cabinet,  and  allowed  to  rise  to  nearly  the  maximum.  The  time  of  flnal  rising 
in  the  pan  varies  considerably,  but  it  has  been  found  that  hard  spring  wheat 
patents  and  straights  usually  require  from  80  to  100  minutes.  All  the  fermen- 
tation periods  stated  must  be  varied  to  suit  the  flour  worked  with,  and  also, 
to  a  certain  extent,  the  character  and  condition  of  the  yeast  Elastic  doughs 
made  from  flours  high  In  gluten  of  good  quality  require  a  longer  fermentation 
period  than  do  doughs  made  from  flours  low  In  gluten.  The  flgures  stated  are 
about  the  average  of  the  periods  allowed  hard  spring  wheat  straight  flours. 

When  the  dough  has  reached  about  the  maximum  volume  it  will  attain,  the 
pan  is  placed  in  the  oven,  which  has  been  previously  heated  to  175**  C.  The 
temperature  should  be  allowed  to  rise  gradually  until  at  the  end  of  about  5  to 
8  minutes  It  has  reached  a  temperature  of  from  195"  to  200"*  C.  Or,  two  ovens 
may  be  used,  one  being  maintained  at  about  175''  C.  and  the  other  at  about 
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200*"  C,  and  the  loaf  transferred  to  the  hotter  oven  at  the  end  of  about  5 
minutes,  at  which  time  it  will  have  attained  its  maximnm  volume.  The  pur- 
pose of  employing  a  lower  temperature  at  the  outset  is  to  allow  the  mass  of 
dough  to  rise  or  expand  all  it  will  in  the  oven  before  the  temperature  becomes 
high  enough  to  sear  or  crust  over  the  outside  of  the  loaf,  thus  preventing 
further  expansion.  The  total  time  of  baking  varies  from  about  2S  to  45 
minutes,  depending  upon  the  size  of  the  loaf.  Small  loaves  require  more  time 
for  thorough  baking  than  do  loaves  of  larger  volume. 

Since  certain  factors  other  than  temperature,  particularly  the  quality  of  the 
yeast  used,  influence  the  volume  and  quality  of  bread  produced  from  a  given 
flour,  a  check  loaf  should  be  baked  each  day  from  the  same  check  lot  of  flour, 
and  when  there  is  any  marked  variation  from  the  average  results  previously 
secured  in  working  with  this  check  flour,  all  tests  made  at  the  time  should 
be  rejected.  When  the  variation  from  the  average  is  slight,  it  Is  deemed 
permissible  to  increase  or  decrease  the  recorded  volume  of  other  loaves  in  the 
same  baking,  in  proportion  to  the  variation  of  the  check  loaf  from  the  average. 

Ilecording  results :  In  judging  of  the  baking  qualities  of  the  flour,  the  follow- 
ing factors  are  of  principal  importance: 

(1)  The  elasticity  or  expansibility  of  the  dough,  as  evidenced  by  the  volume 
of  the  loaf. 

(2)  The  color  of  the  flour  and  of  the  crumb  of  the  bread  produced  therefrom. 

(3)  The  "  absorption  "  or  quantity  of  water  required  to  produce  a  dough  of 
proper  consistency. 

(4)  Other  factors,  such  as  flavor,  odor,  etc. 

The  absorption  Is  determined  during  the  operation  of  mixing  by  noting  the 
quantity  of  water  In  cubic  centimeters  required  to  produce  a  dough  of  the 
proper  consistency.  The  water  used  Is  ordinarily  stated  in  the  number  of 
cubic  centimeters  per  100  grams  of  flour.  This,  of  course,  includes  water  in 
the  yeast  mixture  which  Is  added  and  which  is  considered  as  being  equivalent 
to30cc^ 

The  volume  of  the  loaf  is  ascertained  by  displacement  of  a  suitable  material, 
flaxseed  being  most  convenient  for  this  purpose.  The  cooled  loaf  Is  placed 
In  a  box  of  known  volume  and  the  remaining  space  filled  with  flaxseed,  which 
is  then  drawn  off  into  a  suitable  device  and  measured.  The  volume  may  be 
stated  In  cubic  centimeters  of  bread  produced  from  340  grams  of  flour  or  cubic 
centimenters  per  100  grams  of  flour.  The  American  Society  of  Milling  and 
Baking  Technology  also  recommend  that  the  volume  of  bread  from  100  grams 
of  dry  matter  also  be  recorded. 

Color  is  best  Judged  in  the  crumb  of  the  flnlshed  loaf.  In  this  laboratory  the 
color  is  expressed  on  an  empirical  scale  ranging  from  50  to  100  or  above.  The 
whiter  the  color  the  higher  the  color  score,  dark  flours  scoring  lower,  depending 
upon  the  depth  of  color.  A  good  high-grade  patent  should  score  97  or  above  on 
this  scale;  straight  flours  94  or  above.  The  lower  or  clear  flour  grades  score 
from  90  on  down,  depending  on  their  quality  and  character.  It  Is  extremely 
dlfllcult  to  convey  an  idea  of  the  way  in  which  these  colors  are  graded  in  this 
laboratory  without  the  use  of  flour  samples  whose  color  score  has  be^i  deter- 
mined. 

The  weight  of  the  flnlshed  loaf  is  also  recorded,  although  this  factor  is  not 
of  so  much  Importance  as  the  quantity  of  water  used  per  unit  of  flour.  This  Is 
true  because  the  weight  of  the  flnlshed  loaf  Is  Influenced  not  only  by  the 
amount  of  water  used  but  by  the  size  or  volume  of  the  loaf  as  well.  Two 
doughs  to  which  the  same  amount  of  water  has  been  added,  but  which  are 
raised  to  different  volumes,  yield  loaves  the  larger  of  which  will  be  the  lighter. 
It  has  been  found  in  working  with  a  large  number  of  samples  that  the  quanUty 
of  water  used  furnishes  a  better  Indication  of  the  relative  weight  of  bread 
which  may  be  produced  from  a  given  unit  of  flour  than  does  the  weight  of  the 
finished  loaf. 

Additional  remarks  concerning  abnormalities,  such  as  peculiar  odors,  flavors, 
or  the  like,  are  Included  in  the  report  when  It  is  considered  necessary.  Re- 
marks concerning  the  crumb  texture  may  also  be  made,  although  It  Is  ques- 
tionable whether  this  means  very  much,  since  the  crumb  quality  may  be  more 
nearly  a  measure  of  the  skill  of  the  operator  than  of  the  bread-making  quali- 
ties of  the  flour  from  which  It  Is  made.  When  the  dough  is  sufilclently  elastic 
to  produce  a  loaf  of  large  volume,  bread  of  good  quality  as  regards  crumb 
texture  may  be  produced  therefrom  In  a  commercial  way. 
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Results  of  Analtsbs. 

moistube. 

Comparative  results  obtained  by  different  methods  for  determining  mo^ture  in 

flour. 


Analyst. 


Sample  A  (Fife). 


Method  A 
(water 
oven). 


Methods 
(vao- 
uom). 


Method 
(Bas- 
sett's), 


CHMetbodA 
(water 
oven). 


Sample  B  (dnrom). 


Method  B 
(vao 
uum). 


Method  C 
(Bas- 
sett's). 


Leila  Dunton,  Manhattan,  Kans 

B.  R.  Jacobs,  Washington,  D.  C 

L.  M.  Thomas,  Agricultural  (Allege,  N 

Dak. 

R.  F.  Beard,  Agricultural  (College,  N.  Dak.. 

C.  K.  Glycart,  St.  Paul,  Minn 

H.  L.  White,  Agricultural  College,  N.  Dak. 
Q.A.Olson,  Pullman,  Wash 

Averages 


Percent, 

n.01 


10.13 
10.32 
•10.91 
10.24 
10.50 
10.18 
•7.49 


Percent. 

U.OO 

>U.72 


Percent. 
n.65 


Percent. 
ia52 


Percent. 
11.3G5 
tlL12 


Percent. 
11.145 


/      10.50  \ 

\    10.18 ; 


}  UL88 

^    n.89 

10.56 


10.07 

laoo 

9.07 
ia505 


9.54 
9.94 
•10.91 
9.55 
10.43 
9.65 
«6.34 


i    10:43     \ 

\   9.65  ; 


11.64 

« 11. 47 

n.06 

S10.42 


9.66 
9.88 
9.35 
10.63 


ia47 


11.59 


10.455 


10.076 


11.18 


iai09 


«  "Drying  In  a  vacuum  4*  hours." 

>  In  vacuum  oven  at  70*  C.  lor  periods  ranging  from  24  to  144  hours. 

s  In  aluminum  dishes  fitted  with  covers. 

«  Kept  in  water  oven  at  boiling  temperature  for  3  hours;  not  included  in  average. 

Miss  Leila  Dnnton  says :  "  Moisture  Method  A  we  do  not  use  in  this  labora- 
tory for  flour  samples  as  It  fails  to  remove  all  moisture.  Method  B  is  very 
good.    The  vacuum  desiccator  we  flnd  very  convenient  and  accurate." 

These  results  strengthen  the  conviction  that  for  accurate  results,  when  work- 
ing with  materials  that  are  affected  by  the  temperature  of  boiling  water,  the 
method  utilizing  the  vacuum  oven  or  desiccator  Is  the  most  accurate;  but  this 
method  should  be  standardized  as  regards  temperature  and  other  conditiona 
As  Indicated  In  the  footnotes  to  the  preceding  table  the  time  varied  from  4i 
hours  to  144  hours,  and  the  temperature  from  room  temperature  to  70*  C. 

Method  G  (Bassett's)  may  well  be  considered  further  as  a  quick  method  for 
the  approximate  determination  of  both  moisture  and  fat 

ASH.  • 


Comparative  results  obtained  by  different  methods  for  the  determhiation  of 

ash  in  flour. 


Sample  A  (Fife). 

Sample  B  (durum). 

Analyst. 

Method  A 
(electric 
muffle). 

Method  B 
(muffle 
furnace). 

Method  C 
(addition 
calcium 
acetate). 

Method  A 
(electric 
muffle). 

Method  B 
(muffle 
furnace). 

Method  C 
(addition 
calciiun 
acetate). 

Leila  Dunton.  Manhattan.  Kans 

Percent. 

Percent. 
0.708 

Percent. 
0.706 

.647 

PercerU. 

Percent. 
0.60 

Percent. 
0.688 

L.  M.  Thomas,  Agricultural  College,  N. 

.702 

H.  L.  Wesdine.  Chicaeo.  HI 

0.72 
.70 

/     0.60 

1 

B.  R.  Jacobs,  Washington.  D.  C 

/ 

R.F.BeanL!Aericultural(^lleee.N.Dak  . 

.605 

.70 

H.  L.  White,  Agricultural  College,  N.  Dak. 
C.  K.  Glycart,  St.  Paul,  Minn 

.71 
.678 

.718 
.686 

.673 

.663 

.673 

.661 

Averages. 

.702 

.00 

.678 

.607 

.681 

.688 

Digitized  by 


Google 


108 

Mi88  Leila  Dunton  says:  "Ash  Method  B  gives  very  satisfactory  results,  but 
requires  much  more  careful  handling  than  the  calcium  acetate  method.*' 

A.  8.  Mitchell  writes :  "  Referring  to  the  ash  determination  by  Method  C,  If 
the  results  in  this  laboratory  are  confirmed  by  those  of  other  experimenters, 
it  would  seem  to  indicate  that  the  addition  of  a  lime  salt,  instead  of  increasing 
the  ash  content  by  the  fixation  of  organic  phosphorus  and  sulphur,  has  resulted 
in  the  loss  of  alkalis  by  the  use  of  a  temperature  far  above  the  point  of  volatil- 
ization of  potash. 

"  The  results  Indicate  that  the  use  of  a  muffle  furnace  Is  necessary  for  the 
most  accurate  results.  Since  Methods  A  and  B  give  practically  the  same  results, 
there  seems  to  be  no  necessity  for  distinguishing  between  a  method  in  which 
an  ordinary  muffle  is  used  and  one  where  an  electric  muffle  is  employed. 

'*  In  handling  a  large  number  of  samples,  the  calcium  acetate  method  (Method 
C)  is  very  convenient  and  may  well  be  retained  as  a  provisional  method." 

ACIDITY   OF    WATER   EXTRACT. 

Comparative  results  ohtained  hy  different  methods  for  the  determination  of  the 
acidity  of  water  extracts  of  flour. 


Sample  A. 

Sample  B. 

Analyst 

Method  A 
(lactic 
acid). 

Method  B 
Oactio 
acid). 

Other 

methods 

Oactio 

acid). 

Method  A 
(lactic 
acid). 

Method  B 
(lactic 
acid). 

OUier 

methods 

Oactio 

add). 

LeQa  Dunton,  Manhattan,  Kans 

Percent, 
0.29 
.275 

Percent. 
0.31 

Percent. 

Percent. 
0.26 
.265 

Percent. 
0.29 

PercenL 

B.R.  Jacobs,  Washington,  D.  C 

10.212 
1.212 

iai85 

A.  L.  Winton,^Chlcago,  111 

1.180 

R.  F.  Beard,  Agricultural  College.  N.  Dak.. 

L.  M.  Thomas,  AgricultunOCoIliBge.  N. 

Dak 

.258 

.198 
.246 

.268 

.204 
.287 

.210 

.218 
.196 

.226 

.222 
.264 

C.  K.  Olyoart,  St  Paul,  Minn 

Ayerages 

.253 

.267 

.212 

.230 

.248 

.183 

1  Method  found  in  Leach's  Food  Inspection  and  Analysis,  2d  ed.,  p.  320. 

The  following  comments  were  made  by  analysts: 

A.  L.  Winton:  I  would  like  to  see  a  careful  study  made  of  the  effects  of  tem- 
perature, different  times  of  shaking,  relative  volume  of  flour  and  water  on  the 
percentage  of  acidity.  Our  method  has  always  been  to  shake  20  grams  of  flour 
for  6  minutes  with  200  cc  of  water,  allow  to  stand  for  a  half-hour,  filter,  and 
titrate.  This  work  has  been  done  at  room  temperature  and  the  solution  ob- 
tained has  been  for  determination  of  nitrous  nitrogen  as  well  as  for  acidity. 
As  a  matter  of  convenience,  I  would  like  to  see  a  method  finally  adopted  which 
would  combine  both  determinations,  that  is,  that  the  allquots  from  the  same 
solution  could  be  used  for  determining  both  nitrous  nitrogen  and  acidity. 

Miss  Dunton:  Acidity  Method  A  seems  to  me  impractical  on  account  of  the 
varying  room  temperature,  and  the  temperature  playing  so  important  a  part  in 
this  determination. 

A.  S,  Mitchell:  Method  B  for  acidity  gives  slightly  higher  results  and  the  re- 
sults are,  if  anything,  more  concordant  providing  kaolin  is  not  used.  The 
kaolin  which  we  used  apparently  contributed  somewhat  to  neutralizing  the  acid. 
Possibly  if  it  had  been  previously  treated  with  acid,  washed,  and  dried,  its 
addition  would  prove  desirable,  but  without  this  treatment  it  might  become  a 
source  of  error.  It  does  not  seem  sufficient  to  shake  the  kaolin  with  water  and 
titrate  with  acid  for  a  blank.  Possibly  shaking  it  with  a  dilute  acid  and 
titrating  back  might  determine  the  proper  correction. 
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There  is  a  slight  increase  in  acidity  by  Method  B  in  fevery  case  where  the  col- 
laborator has  reported  results  by  both  Methods  A  and  B;  and  it  would  seem 
that  this  method  should  be  given  further  trial  particularly  with  reference  to  the 
action  of  kaolin,  or  even  as  to  the  necessity  of  its  use,  as  is  suggested  in  the 
comment  of  A.  S.  Mitchell. 

ETHER  EXTBACT. 

Comparative  resvlts  obtained  by  different  methods  for.  determination  of  the 

ether  extracts. 


AxiAlyst. 


Sample  A  (Fife). 


Method  A 
(extract 
16  hours). 


Methods 
(Baasett's). 


Sample  B  (durom). 


Method  A 
(extract 
16  hours). 


Method  B 
(Bassett's). 


Leila  Dunton,  Manhattan,  Kans 

B.  R.  Jacobs,  Washhieton,  D.  C 

L.  M.  Thomas.  Agricultural  College,  N.  Dak. 
R.  F.  Beard,  Agricultural  College,  N.  Dak. . . 
H.  L.  White,  Agricultural  College,  N.  Dak... 

C.  K.  Olycart,  St  Paul,  Mfam. 


Percent. 
1.365 
1.22 


Percent. 
1.30 


U.67 
>1.40 


1.30 
1.38 
1.245 
1.27 


PercetA. 
1.31 
1.35 


Percent. 
1.30 


1.345 


1.25 
1.27 
1.21 
1.205 


Averages., 


1.414 


1.299 


1.335 


1.247 


1  Flour  previously  dried  in  vacuum  oven. 
>  On  hydrogen-dned  flour. 

These  results  Indicate  the  general  superiority  of  Method  A,  but  the  wide 
variations  suggest  that  some  details  of  the  method  may  be  improved.  This 
method  is  already  official  for  crude  fat  in  foods  and  feeding  stuffs  (Bui.  107, 
Rev.,  p.  39),  but  in  its  application  to  flour  some  detail,  possibly  the  manner  of 
determining  the  moisture  in  the  flour,  seriously  affects  the  result  For  reasons 
already  stated  under  "Moisture,"  Method  B  (Bassetts)  may  well  be  further 
considered. 

SOLUBLE  CASBOHTDRATES  AS  DEXTROSE. 

Comparative  results  obtained  by  different  methods  for  the  determination  of 
soluble  carbohydrates  in  flour. 


Bapiple  A  (Fife). 

Sample  B  (durum). 

Analyst. 

Method  A 
(Bui.  122). 

Extraction 

with 

sodium 

carbonate. 

Extraction 

with 

alcohol. 

Method  A 
(Bui.  122). 

Extracticm 

with 

sodium 

carbonate. 

Extraction 

with 

alcohol. 

B.  R.  Jacobs,  Washington,  D. 
c 

Per  cent. 
2.38 

2.43 

2.365 

2.31 

Percent. 

Percent. 
L40 

Percent. 
2.05 

2.80 

2.505 

2.83 

Percent. 

Percent. 
L78 

L.  M.  Thomas,  Agricultural 
CoU^,N.Dak 

R.  F.  Beard,  Agricultural  Col- 
lett,N.Dak.. 

W.  L.  Stookham,  Agricultural 
College,  N.  Dak.. T 

12.15 
1  L90 

1L46 
1L30 

12.57 
12.21 

1L018 
1L80 

Averages 

2.37 

2.03               L42 

2.816 

2.30 

L83 

1  Method  of  Bryan  et  al.,  Cir.  71. 

These  results  with  alcohol  extraction  are  in  quite  close  agreement,  and 
should  be  given  further  trial. 
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GA80LINE-C0L0B  VALITB. 

Comparative  results  on  Winton's  method  (a). 


Analyst. 


Sample  A 
(F&e). 


Sample  B 
(durum). 


Leila  Dunton,  Manhattan.  Kans 

H.  L.  WeeslingjChicago, 111 

A.  L.  Winton,  Chicago,  lU 

R.  F.  Beard,  Agricultural  Ck)Uege,  N.  Dak. . 
L.  M.  Thomas,  Agricultural  College,  N.  Dak. 

Averages 


Pereettt, 
1.235 
1.12 
1.12 
1.30 
1.24 


PercenL 
1.57 
1.40 
1.42 
L49 
1.38 


1.20 


L45 


ITITBOOEN. 

Comparative  results  on  total  nitrogen,  globulin,  and  albumen,  and  amid  nitrogen. 


Sample  A  (Fife). 

Sample  B  (durum). 

Analyst. 

Total 
nitro- 
gen. 

Protein 
(NX5.75). 

Globulin 

and 
albumen 

Amino 
nitro- 
gen. 

Total 
nitro- 
gen. 

Protein 
(NX5.75). 

OlobuUn 

and 
albumen 
nitiogen. 

Amino 
nitro- 
gen. 

Leila  Dunton,   Manhattan, 
Kans 

W.  L.  Stockham,  Agricul- 
tural CoUege,  N.  Dak 

Perct. 
2.605 

2.38 

2.34 

2.34 
2.472 

Perct. 
14.4 

Per  el, 
» 0.502 

Perct. 
0.062 

Perct. 
2.715 

2.56 

2.58 

2.48 
2.73 

Perct. 
15.6 

Perct. 
«  0.507 

Perct. 
ai06 

B.  R.  Jacobs,  Washington, 
D.C 

B.  F.  Beard,  Agricultural 

CoUMe,N.lSak.. 

O.  A.  Olson,  Pullman,  Wash. 

14.21 

.508 

.073 

15.70 

.494 

.116 

>  Reported  as  2.886  per  cent  protein. 


*  Reported  as  2.916  per  cent  protein. 


The  close  agreement  between  three  out  of  five  of  these  determinations  of 
total  nitrogen  seems  sufficient  evidence  to  warrant  making  the  method  official 


Results  on  alcoTtol-soluble  protein  obtained  by  determining  nitrogen  in  solution 

{Method  A). 


Analyst. 


Sample  B 
(durum). 


Leila  Dunton,  Manhattan,  Kans 

W.  L.  Stockham,  Agricultural  CoUege,  N.  Dak. 

B.  R.  Jacobs,  Washhigton,  D.  C 

G.  A.  Olson,  Pullman,  Wash 


Average. 


^  Reported  as  8.085  per  cent  protein. 


s  Reported  as  0.53  per  cent  protein. 
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MOIST  GLXTTElf. 

Oompa^tive  resulU  obtained  by  two  methods. 


Sample  A  (File). 

Sample  B  (Durum). 

Analyst. 

MethodA 
(Bui.  122,  p.  64). 

WOey  method 
modifled.i 

MethodA 
(Bui.  122,  p.  64). 

WUey  method 
modlfled.i 

Moist. 

Dry. 

Moist. 

Dry. 

Moist 

Dry. 

Moist. 

Dry. 

Miss  LeOa  Dunton, 
Manhattan ,  Kans . . 

Per  cent. 
33.7 

Percent. 
13.1 

Percent, 

PercenL 

PeretnL 
85.6 

Percent, 
13.8 

Perceiu. 

Perceiu, 

O.  A.  Olson,  Pull- 
man, Wash 

37.57 

13.816 

40.00 

16.664 

enoe: 


1  The  wet  and  dry  gluten  determinations  were  made  according  to  the  WUey  method— with  this  dlfler- 
UDce:  lOgramsofflourplusOcoof  water  were  mixed  instead  of  80  grams  of  flour  and  18  oc  of  water.  The 
jret  ^uten  wads  were  ihen  placed  in  the  vacuum  oven  and  dried  for  three  hours  under  65  nmi  vacuum 
and  85*  C.  temperature.  Note:  The  reduced  pressure  and  temperature  combined  cause  the  glutens  to 
expand  rapidly,  and  the  resoltlng  large  suriiBce  exposed  under  these  conditions  permits  the  water  to  be 
dzfyen  off  rapidly. 

BAKING  TESTS. 

Comparison  of  results  obtained  by  differ ent  bakers. 


'  Baker  and  sample. 

Weight 
flour. 

Water 

ab- 
sorbed. 

Fermentation  periods. 

•in 
pan. 

^^} 

Vol- 
ume. 

Color. 

Tex- 

1 

2 

3 

4 

ture. 

StfnnleA(Flfe): 

lTm.  Thomas,  A«i- 
eultural  CoUegeTN. 
Dak 

C.H.BaUey,  Agricul- 
tural College,N.Dak. 

Oramt. 
340 

340 

340 
i  *800 

ee, 

106 

177 

192 

205 

«220 

206 

186 

187 

202 

«227 

MUi, 
81 

M-tn. 

Jfin. 
40 

mn. 

25 

72 

Orame, 
490 

483 

478 
485 
636 

405 

494 

468 
488 
615 

ce. 
2,490 

2,620 

1,990 
2,135 
2,216 

2,160 

2,020 

1,780 
1,681 
1672 

08 

101 

196 
90 
90 

96 

91 

t96 
95 
95 

98 
99 

L^ia  Dunton',  Man- 
hattan, Kans 

190 

B.  R.  Jacobe,  Wash- 
Ington.  Dt  C r 

90 

•60 

47 

20 

65 

100 
100 

cultural  Q>Uege,lN. 

840 

840 

340 
r  *300 

90 

40 

25 

• 
86 

97 

C.H.  Bailey,  Agricul- 
tural CJollege^.Dak. 

09 

T^l^  Dunton,  Mui- 
hattan.Kans.  ... 

186 

B.  R.  Jacobs,  Wasb^ 
ington,  D.  C 

90 

»60 

45 

20 

65 

100 
100 

1  Qiaded  in  comparison  to  a  loaf  baked  at  the  same  time  from  a  straight  hard  winter-wheat  flour,  which 
was  graded  100  per  cent  on  both  color  and  texture. 
«  Dry  flour. 

s  This  fermentation  period  was  not  included  in  the  original  method. 
« Second  analysis  by  method  used  In  Bureau  of  (Chemistry,  see  following  section. 

Methods  of  Makiito  Baking  Tests  used  in  the  Labobatoby  of  Plant  Physio- 
logical Chemistby,  Bubeau  of  Chemistby.^ 

Ferment. — ^Mix  80  ^rams  of  compressed  yeast,  80  grams  of  sugar,  and  40 
grams  of  salt  in  1,200  cc  of  water  at  30*  C.  It  is  best  to  dissolve  yeast  in  a 
small  amount  of  this  water  and  add  it  to  the  remaining  portion.  This  liquid 
Is  kept  in  the  sponge  box  at  80*  G.  for  one  hour. 

Dough, — ^Place  840  grams  of  flour,  previously  warmed  in  a  sponge  box  to 
80*  C  in  a  crock,  add  150  cc  of  the  yeast  mixture  and  enou£^  water  at  80*  to 
make  a  dough  of  the  standard  consistency.  The  mixing  is  done  with  a  knife 
or  a  larger  spatula  and  requires  but  one  or  two  minutes'  stirring.    Place  the 


I  By  B.  B.  Jacobs, 
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crock  containing  this  dough  in  the  ^)onge  box  for  20  minutes,  at  the  end  of  which 
time  remove  it,  scrape  the  dough  with  a  spatula  from  the  sides  of  the  crock 
and  fold  over  in  the  hands  21  times,  place  in  the  crock  and  in  the  sponge  box 
for  20  minutes;  take  out  and  fold  over  14  times,  again  place  in  the  crock  and 
in  the  sponge  box  for  20  minutes;  take  out  and  fold  in  the  same  manner  9 
times.  Place  in  the  crock  and  sponge  box  for  another  20  minutes,  take  out  and 
fold  once  or  twice,  place  in  the  baking  pan,  smooth  surface  up,  prick  with  a 
long  pin  10  or  12  times,  and  place  in  the  sponge  box  and  raise  to  the  maximum, 
which  requires  from  50  to  70  minutes,  according  to  the  kind  of  flour  to  be 
tested ;  then  place  in  the  oven,  the  temperature  of  which  is  210*  C,  and  bake 
for  40  minutes.  The  baking  tests  are  run  in  sets  of  seven.  There  is  enough 
ferment  in  the  above-mentioned  quantity  for  eight  bakes.  If  it  is  desired  to 
bake  a  second  set  of  loaves  another  ferment  is  started  about  70  minutes  after 
the  first  so  as  to  allow  sufllcient  time  between  the  ferments  for  the  manipu- 
lating of  the  dough. 

After  the  bread  is  baked  it  is  allowed  to  cool  for  one  hour,  weighed,  and 
measured,  the  measurement  being  done  by  displacement  in  a  vessel  of  known 
volume,  using  turnip  seed  to  fill  tliat  space  in  the  vessel  not  occupied  by  the 
loaf. 

Additional  Baking  Tests. 

G.  A.  Olson,  of  Pullman,  Wash.,  submitted  the  following  method  and  re- 
sults obtained  therewith : 

Method, — ^The  baking  tests  were  made  on  100  gram  lots  of  flour,  which  were 
worked  up  with  a  yeast  solution  containing  the  requisite  amount  of  water, 
sugar,  and  salt,  and  placed  in  300  cc  cubical  tins  for  expansion  at  32*'  G.  for 
straight  bakes.  A  second  lot  was  placed  in  porcelain  dishes,  covered  with 
watch  glasses  and  allowed  to  expand  at  32*  G.  for  rekneadlng.  After  reknead- 
ing  these  doughs  were  plf^&ed  in  300  cc  cubical  tins  and  allowed  to  expand  a 
second  time,  when  Anally  they  were  baked  at  190*  G.  for  30  minutea  After  a 
lapse  of  one  hour  the  loa^'es  were  weighed  and  flnally  put  away  in  a  moist 
chamber  and  cut  the  next  morning  in  order  to  determine  the  texture  and  the 
color  of  the  crumb.  Note :  The  yeast  was  developed  in  potato  water  containing 
the  requisite  amount  of  sugar,  salt,  and  water.  The  absorption  tests  were 
determined  by  taking  deflnite  amounts  of  yeast  solution  and  working  it  up  with 
Plough  flour  to  make  the  proper  consistency  in  each  case.  The  amount  of 
yeast  solution  required  for  100  grams  of  flour  was  calculated  from  the  differ- 
«ice  in  the  amount  of  flour  used  for  the  absorption  determination  from  a 
weighed  larger  amount  of  flour. 

Results  of  Baking  Tests. 


Data. 


Sample  A. 


Sample  B. 


Btrateht  bake: 

Weight  of  doagh  when  set  in  oven  to  bake  (grams) 

Weight  of  loaf  (grams) 

Volume  of  loaf  (CO) 

Approximate  speoiflo  gravity 

Time  for  dough  to  rise  (minutes) 

Number  cubic  centimeters  per  pound  loaf  (calculated) 

Shape  of  loaf 

Texture  of  crumb 

Ck>lor  of  crumb 

Rekneaded  bake: 

Weight  of  dough  when  set  in  oven  to  bake  (grams) 

Weight  of  loaf  (grams) 

Volume  of  loaf  (oc ) 

Approximate  specific  gravity 

Tune  for  dough  to  rise  (minutes)— 

First  time 

Second  time 

Shape  of  loaf 

Texture  of  crumb 

C<dor  of  crumb 


1«2.75 

170.75 

138.65 

144.20 

850.0 

330.0 

0.390 

0.437 

110 

110 

1,190 

1,122 

Good. 

Good. 

Uniform. 

Uniform. 

YeUowcast 

YeUowcast 

150.55 

147.75 

141.05 

142.05 

880.0 

860.0 

0.373 

0.304 

110 

110 

70 

70 

Excellent. 

Good. 

^"^.'SSt. 

"Mr'SS 

There  is  so  much  variation  in  methods  and  results  in  the  baking  tests  that 
no  very  deflnite  conclusions  can  be  drawn.     It  is  highly  desirable,  however, 
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that  the  amounts  of  the  materials  used,  except  water,  be  the  same  in  all 
methods.  Attention  should  also  be  called  to  the  wide  variation  in  moisture 
content  of  yeast,  sometimes  as  much  as  30  per  cent,  which,  if  not  taken  into 
account,  may  afTect  results  considerably. 

RECOM  MENOATIONS. 

It  is  recomm^ided — 

(1)  That  the  method  for  the  determination  of  moisture  stated  in  Bulletin 
107,  Revised,  page  38  (1),  be  made  official  for  cereals,  and  that  a  further  study 
be  made' of  the  efficiency  of  the  vacuum  desiccator  as  compared  with  the  vacuum 
oven. 

(2)  That  Method  B  for  the  determination  of  ash  (Bui.  122,  p.  54)  be  made 
an  official  method;  and  that  Method  O  for  the  determination  of  ash  (adapted 
from  2  (&),  p.  21,  Bui.  107,  Rev.)  be  made  a  provisional  method. 

(3)  That  Method  B  for  the  determination  of  the  acidity  of  the  water  extract 
of  flour  be  made  a  provisional  method.  . 

(4)  That  Method  A  for  the  determination  of  the  ether  extr^  (Bui.  107, 
Rev.,  p.  39,  5b  (1) )  be  made  official. 

(5)  That  the  methods  of  A.  H.  Bryan,  A.  Given,  and  M.  N.  Straughn  (Cir.  71, 
Bureau  of  Chemistry),  for  the  determination  of  soluble  carbohydrates,  be  given 
a  more  extended  trial. 

(6)  That  Method  A  for  total  nitrogen  (Bui.  122,  p.  54)  be  made  official  after 
making  the  following  change :  For  "  2  grams  "  read  "  1  to  2  grama" 

(7)  That  Winton*s  gasoline  color  value  method  be  made  provisional.  (See 
BuL  137,  p.  146.) 

(8)  That  in  further  trials  of  baking  methods  the  amounts  of  materials  used, 
except  water,  be  the  same  in  all  methods;  and  that  the  water  content  of  the 
yeast  and  the  fermenting  value  of  the  yeast  be  given  due  consideration  in  all 
methods. 

[The  following  methods  and  paper  bearing  on  same  were  submitted 
subsequent  to  the  meeting  and  inserted  in  the  Proceedings  in  accord- 
ance with  the  motion  made  by  Mr.  Winton.    (See  p.  196.)] 

Determination  of  Nitbous  Nitbogen. 

0bie8s-il08vat  method. 

(1)  Preparation  of  reagents. 

(a)  Sulphanilic  acid  solution, — ^Dissolve  0.5  gram  of  sulphanilic  acid  In  150 
cc  of  20  per  cent  acetic  acid. 

(&)  AlphOrTUiphthyla^nin  hydrochlorid  solution. — Dissolve  0.2  gram  of  the 
salt  in  150  cc  of  20  per  cent  acetic  acid  with  the  aid  of  heat. 

(c)  Standard  sodium  nitrite  solution. — Weigh  0.22  gram  of  dry  C.  P.  silter 
nitrite  into  a  1,000  cc  flaslc,  add  about  40  cc  of  hot  water  and  agitate  gently 
until  the  solution  Is  clear.  Add  a  slight  excess  of  C.  P.  sodium  chlorld,  shake 
until  the  silver  chlorld  flocks,  make  up  to  1,000  cc,  mix,  and  allow  to  settle. 
Draw  off  5  cc  of  the  clear  solution  and  dilute  to  1  liter ;  1  cc  of  this  solution 
contains  0.0001  mg  of  nitrogen  as  nitrite. 

(d)  Standardization  of  sodium  nitrite  solution. — The  sodium  nitrite  solution 
may  be  standardized  as  follows:  Make  a  solution  of  sodium  nitrite  similar  to 
that  provided  in  (c),  but  making  the  first  dilution  of  five  times  the  concentration 
(1  cc  equals  0.1  mg  of  nitrogen  as  nitrite),  avoiding  material  excess  of  sodium 
chlorld  as  a  precipitant.  Place  a  measured  amount  of  50  cc  of  one-hundredth 
normal  potassium  permanganate  in  a  5-inch  porcelain  evaporating  dish,  together 
with  200  cc  of  pure  water  and  25  cc  of  dilute  sulphuric  acid  (1:4);  warm  to 
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SO**  C.  and  titrate  with  the  standard  solution  of  sodium  nitrite,  adding  slowly, 
as  the  reduction  of  the  permanganate  is  not  Instantaneous.  One  cubic  centi- 
meter of  hundredth-normal  permanganate  is  equivalent  to  0.00077  gram  of 
silver  nitrite,  hence  50  cc  of  the  permanganate  should  be  decolorized  by  exactly 
86  cc  of  standard  nitrite  solution.  (See  Krauch,  Chemical  Reagents,  Their 
Purity  and  Tests,  p.  188.) 

(2)  DeiemUnaiion. 

(a)  Metfu>d  I. — Select  a  series  of  100  cc  volumetric  flasks  of  uniform  dimen- 
sions and  color.  Place  2  grams  of  high-grade  nltrlte-free  flour  in  each;  add 
approximately  70  cc  of  nitrite-free  distilled  water  and  shake  until  the  flour  Is 
thoroughly  moistened. 

From  a  burette  containing  the  standard  nitrite  solution  (c),  add  to  the 
flasks  containing  the  flour  and  water  amounts  of  solution  Increasing  by  deflnlte 
increments  to  form  a  series  of  standards  for  comparison  having  a  range  cover- 
ing the  probable  nitrite  content  of  the  unknown  sample.  One  flask  should  be 
reserved  for  a  blank  test  Where  the  quantity  of  nitrite  present  is  small,  the 
nitrite  solution  in  the  flasks  may  be  increased  by  0.4  cc  each.  Where  bleaching 
is  excessive,  A  gram  of  flour  may  be  used  throughout,  or  the  standards  may  be 
given  a  wider  variation  in  nitrite  content. 

In  order  to  avoid  making  a  large  series  of  standards  it  is  well  to  make  a 
preliminary  test  to  ascertain  the  approximate  nitrite  content  of  the  unknown. 

To  each  of  two  similar  flasks  add  2  grams  of  the  flour  to  be  tested  and  90  cc 
of  water ;  shake  thoroughly  and  digest  all  of  the  flasks,  including  the  blank,  in 
a  water  bath  at  40**  C.  for  at  least  15  minutes ;  add  2  cc  of  each  of  the  Griees 
reagents,  "(o)"  and  "(6),"  to  each  flask.  Continue  the  digestion  at  40*  C. 
for  at  least  20  minutes.  The  color  should  be  developed  in  all  flasks  under  condi- 
tions as  nearly  uniform  as  possible. 

Make  up  to  the  marks  with  nitrite-free  water  and  compare  the  unknown  with 
the  series  of  standards.  This  may  best  be  done  In  a  large,  white,  enameled 
pan,  the  effect  of  the  turbidity,  due  to  the  flour,  being  minimized  by  the  wliite 
background.  The  solutions  should  be  allowed  to  subside  and  should  not  be 
shaken  during  comparison. 

(6)  Method  II, — ^Welgh  20  grams  of  the  flour  into  a  500  cc  Erlenmeyer  flask, 
add  200  cc  of  water,  free  from  nitrites,  previously  warmed  to  40*^  C,  and  close 
the  flask  with  a  rubber  stopper.  Shake  vigorously  for  five  minutes  and  digest 
for  one  hour  in  a  water  bath,  keeping  the  temperature  of  the  liquid  in  the 
flask  at  40''  C,  and  shaking  at  10-minute  intervals.  Finally  filter  on  a  dry- 
folded  filter  free  from  nitrites.  As  the  first  portion  of  the  filtrate  is  turbid,  it 
should  be  returned  to  the  filter  and  the  operation  repeated  until  a  clear  liquid 
is  secured.  Pipette  50  cc  of  the  filtrate  and,  at  the  same  time,  50  cc  of  the 
standard  nitrite  solution  (c)  Into  small  fiasks;  add  to  each  50  cc  of  water  2  cc 
of  solution  (a)  and  2  cc  of  solution  (&),  shake,  and  allow  to  stand  one  hour 
to  bring  out  the  color.  Compare  the  two  solutions  in  a  colorimeter.  Divide 
the  height  of  the  column  of  the  standard  solution  by  that  of  the  solution  of 
the  sample,  thus  obtaining  the  parts  of  nitrogen  as  nitrous  acid  (free  and  com- 
bined) per  million  of  flour. 

A  blanft  test  should  be  made  to  establish  the  absence  of  nitrites  in  the  water 
and  filter  paper,  and  care  taken  throughout  the  process  to  avoid  contamination 
from  nitrous  fumes,  gas  flames,  etc. 

Practically  the  same  results  will  be  obtained  if  the  digestion  is  made  at 
20^  C.  or  at  room  temperature,  but  the  method  of  solution  as  described  above 
permits  the  determination  of  acidity  by  MltcheH's  method  in  an  aliquot  of  the 
same  solution,  provided  the  water  used  has  previously  been  boiled  in  a  Jena 
flask  or  narrow-mouthed  tin  vessel  for  five  minutes  or  until  neutral. 

THB  EFFECTS  OF  TIME  AND  TEMPERATURE  OF  DIOESTION  ON  THE 
AMOUNTS  OF  ACIDITT  AND  NITROUS  NITROOEN  EXTRACTED  FROM 
FLOUR. 

By  A.  L,  WiNTON  and  A.  W.  Hansen. 

Mitchell  has  shown  that  the  results  on  the  acidity  of  flour  increase  with  the 
temperature  of  digestion  up  to  40^  C.  The  following  experiments  were  made 
to  determine  the  effects  of  time,  a^  well  as  temperature,  on  acidity  determina- 
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tions,  and  also  to  learn  the  influence  of  these  factors  on  the  amounts  of  nitrites 
extracted.  The  purpose  of  the  work  was  to  learn  whether  both  acidity  and 
nitrous  nitrogen  can  be  determined  in  aliquots  of  the  same  solution. 

Methods. 

METHODS  or  SOLUnOlT. 

Method  1, — ^Digest  at  20^  C.  for  one  hour,  shaking  at  the  start  To  20  grams 
of  flour  contained  in  a  500  cc  Erlenmeyer  flask,  add  200  cc  of  distilled  water 
at  20**  C,  free  from  nitrites  and  previously  lK)iled  in  a  Jena  flask  until  free 
from  acidity.  Stopper  tightly,  shake  for  five  minutes,  and  allow  to  stand  for 
one  hour  at  20*"  C.  Decant  the  liquid  on  to  a  folded  24  cm  S  &  S  No.  588 
filter  paper,  taking  care  not  to  disturb  the  flour  at  the  lK)ttom  of  the  flask.  Pass 
the  first  portion  of  the  turbid  filtrate  through  the  paper  a  second  time  and  repeat 
this  operation  until  a  clear  filtrate  is  secured. 

Method  2, — ^Digest  at  20**  G.  for  one  hour,  shaking  at  intervals.  Proceed  as 
in  method  1,  shaking  the  flask  vigorously  at  10-minute  intervals  in  addition 
to  the  five  minutes*  shaking  at  the  start 

Method  S. — ^Digest  at  20  C.  for  two  hours,  shaking  at  intervala  Proceed 
as  in  method  2,  except  that  the  digestion  is  continued  for  two  hours,  shaking 
at  10-minute  intervals. 

Method  4. — Digest  at  40**  C.  for  one  hour,  shaking  at  Intervals.  Proceed 
as  in  method  2,  except  that  water  at  40**  C.  is  employed  and  the  digestion  is 
carried  on  in  a  water  bath  at  40°  C. 

Method  5. — ^Digest  at  40**  C.  for  two  hours,  shaking  at  intervals.  Proceed 
as  in  method  4,  except  that  the  digestion  is  cixitinued  for  two  hours,  shaking 
at  10-minute  intervals. 

Method  1  is  the  same  as  described  in  Leach,  Food  Inspection  and  Analysis, 
second  edition,  page  322,  except  that  the  definite  temperature,  20**  C,  is  em- 
ployed instead  of  room  t^nperature.  It  is  also  essentially  the  same  as  described 
by  Jago,  in  The  Technology  of  Bread  Making,  page  768,  except  that  the  time 
of  standing  is  one  hour  instead  of  one-half  hour. 

Method  4  is  the  same  as  that  suggested  by  Mitchell,  except  that  the  direc- 
tions as  to  shaking  are  more  specific,  and  the  digestion  is  conducted  throughout 
at  40**  G.  instead  of  10  minutes  at  40**  G.  and  the  remainder  of  the  time  at 
room  temperature. 

DETERMINATION   OF  ACIDITY. 

Titrate  50  cc  of  the  clear  filtrate,  prepared  as  described  in  the  foregoing 
sections,  with  tenth-normal  phenolphthalein  solution,  using  phenol phthalein  as 
an  indicator. 

DETERMINATION   OF  NITBOOEN  AS   NITROUS  ACID. 

Remove  another  portion  of  50  cc  of  the  clear  filtrate  and  proceed  as  described 
on  page  114,  Method  II. 

Results  of  Analyses. 

The  determinations  of  acidity  and  nitrous  nitrogen  were  made  by  the  fore- 
going methods  on  four  samples  of  bleached  flour,  two  of  hard  wheat,  heavy  and 
light  bleached,  and  two  of  soft  wheat,  heavy  and  light  bleached.  The  results 
are  givoi  In  the  accompanying  table. 

It  appears  that  for  the  determination  of  acidity  40°  G.  is  the  most  satis- 
factory temperature  of  extraction,  not  only  l>ecause  the  results  are  higher,  but 
because  this  is  the  only  temperature  that  is  practicable  in  all  laboratories  and 
in  all  seasons  Digestion  for  one  hour  gave  practically  the  same  percentages 
of  acidity  as  digestion  for  two  hours,  provided  the  flask  was  shaken  at  10-minute 
intervals  during  the  digestion 
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The  amount  of  nitrous  nitrogen  extracted  was  the  same  for  digestion  at 
40**  C.  as  for  20**  C,  and  for  one  hour  as  for  two  hours ;  furthermore,  shaking 
at  the  start  extracted  as  much  as  shalcing  at  intervals. 

From  the  results  obtained,  method  4  appears  to  be  the  most  practicable  for 
the  determination  of  acidity,  and  aliquots  of  this  solution  may  be  used  for  the 
determination  of  nitrous  nitrogen. 

Effects  of  time  and  temperature  of  digestion  on  the  amounts  of  acidity  Mnd 
nitrous  nitrogen  extracted  from  flour. 


Hard  wheat,  patent. 

Hard  wheat,  clear. 

Method. 

Light  bleached. 

Heavy  bleached. 

Light  bleached. 

Heavy  bleached 

Acidity 

as 
lactic 
acid. 

Nitro- 
gen as 
nitrous 
add. 

Addity 
as 

lactic 
add. 

Nltro- 

gen  as 

nitrous 

add. 

Addity 
as 

lactic 
add. 

Nitro- 

gen  as 

nitrous 

add. 

Addity 

as 
lactic 
add. 

Nitro- 
gen as 
nitrous 
add. 

Digested  at  20*  C: 
•    1-hour  digestion- 
Shaken  at  start 

Per 
eerU, 
0.072 
.113 

.108 

.126 
.126 

Parta 

mSSem. 

0.40 

.42 

.42 

.40 
.42 

Per 
cent. 
0.077 
.113 

.126 
.131 

ParU 

mmUm. 
3.04 
3.00 

3.04 

3.04 
3.04 

Per 
cent. 
0.165 
.243 

.248 

.293 
.306 

ParU 

mSiofi. 

0.32 

.30 

.30 

.32 
.32 

Per 
cent. 
0.198 
.263 

.267 

.203 
.303 

Parts 

m^Son, 
2.98 

Shaken  at  intervft???. ,  ^  ....  . 

3.00 

2-hoar  digestion,  shaken  at  in- 
tervals  

2.96 

Digested  at  40*  C: 

1-hour  digestion,  shaken  at  in- 
valf -, - 

2.92 

2-hour  digestion,  shaken  at  in- 
tonrals 

2.92 

I 

Soft  wheat,  patent. 

Soft  wheat,  dear. 

Method. 

Light  bleached. 

Heavy  bleached. 

Light  bleached. 

Heavy  bleached. 

Acidity 

as 
lactic 
acid. 

Nitro- 
gen as 
nitrous 
acid. 

Acidity 

as 
lactic 
add. 

Nitre- 
nitrous 
add. 

Addity 

as 
lactic 
acid. 

Nitro- 
gen as 
nitrous 
acid. 

Addity 
as 

lactic 
add. 

Nitro- 
gen as 
nitrous 
add. 

Digested  at  20*  C: 
1-hour  digestion— 

^halmn  at  start. 

Per 

cent. 
0.090 

.117 

.122 

.131 
.131 

Parts 

rnmion. 

0.40 

.38 

.38 

.40 
.38 

Per 
cent. 
0.090 
.117 

.122 

.131 
.136 

Parts 

mSfum. 
2.72 
2.72 

2.68 

2.72 
2.72 

Per 
cent. 
0.162 
.189 

.196 

.207 
.216 

Parts 

mSum. 

0.32 

.34 

.32 

.34 
.34 

Per 
cent. 
0.153 
.202 

.212 

.225 
.230 

Parts 
2.28 

Shaken  at  intervals 

2.28 

2-hour  digestion,  shaken  at  in- 
tervals  

2.28 

Digested  at  40«C: 

1-hour  digestion,  shaken  at  in- 
tervals  

2.32 

2-hour  digestion,  shaken  at  In- 
tervals                      

2.32 

A  RECALCULATION  OF  JUCKSNACK'S  EGO-NOODLB  TABLES. 

By  R.  W.  Hilts. 

The  work  of  Juckenack^  on  the  analysis  of  egg  noodles  and  the  estlmaticm 
of  their  egg  content  by  the  determination  of  lecithin  phosphoric  acid  has 
received  quite  general  recognition.  His  tables  for  estimating  the  number  of 
eggs  to  the  pound  of  flour  can  not,  however,  be  used  without  restriction  for 
the  English  weight  system.  Although  the  author  does  not  so  state,  an  exam- 
ination of  the  formulas  by  which  the  tables  were  calculated  shows  that  the 
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basis  is  a  so-called  **  pound  "  of  500  grams.  Though  the  difference  is  insignifi- 
cant in  the  lower  figures  of  the  tables,  it  would  lead  to  some  error  with  noodles 
containing  much  egg.  For  convenience  Juckenack's  tables  have  accordingly 
beea  recalculated  on  the  basis  of  the  avoirdupois  pound  of  453.50  grams,  using 
otherwise  the  same  formulas  and  fundamental  valuea 

Recalculated  tables. 


For  use  with  whole  eggs. 

Foi 

use  with  yolks. 

data  on  dry  matter  of  such 

Average  data  on  dry  matter  of  such 

noodles. 

noodles. 

Num- 
ber of 

Num- 
ber of 

eggs  to 
oiflour. 

Phosphoric  acid. 

yolks  to 
1  pound 
oiflour. 

Phosphoric  acid. 

Ash. 

Protein 
(NX6.25). 

Ash. 

Protein 
(NX6.25). 

Total. 

LedthhL 

Total. 

LedthhL 

Percent, 

Percent, 

Percent, 

PereeTU. 

Percent, 

Percent, 

Percent, 

Percent, 

0 

0.460 

0.230 

a0225 

12.00 

0 

0.460 

0.230 

0.0225 

12.00 

1 

.618 

.253 

.0385 

12.55 

1 

.476 

.253 

.0388 

12.20 

.675 

.276 

.0641 

13.06 

.491 

.276 

.0548 

12.41 

.684 

.318 

.0640 

14.11 

.521 

.321 

.0858 

12.80 

.786 

.850 

.1120 

15.07 

.550 

.364 

.1157 

13.18 

.883 

.397 

.1385 

15.97 

.578 

.405 

.1445 

13.54 

.974 

.433 

.1636 

16.88 

.604 

.445 

.1722 

13.89 

1.061 

.468 

.1874 

17.65 

.630 

•  .483 

.1990 

14.22 

1.143 

.500 

.2090 

18.42 

.655 

.520 

.2248 

14.55 

1.221 

.531 

.2314 

19.15 

8 

.680 

.556 

.2497 

14.87 

1.296 

.560 

.2517 

19.85 

0 

.703 

.591 

.2738 

15.17 

10 

1.366 

.588 

.2711 

20.52 

10 

.726 

.624 

.2971 

15.47 

It  was  necessary  to  find  by  calculation  from  the  original  tables  the  basic 
values  assumed  for  ash  and  protein  in  the  egg  yolk  and  whole  egg.  These  were 
found  to  be  based  on  the  averages  of  K5nig,^  as  are  all  the  other  values  for  the 
egg  with  the  exceptl(Mi  of  total  and  lecithin  phosphoric  acid,  which  Juckenack 
took  from  his  own  work.  The  flour  is  assumed  to  contain  an  average  of  13.05 
per  cent  of  moisture,  with  dry  matter  of  the  composition  shown  at  the  top  of  the 
tables. 

IXOTE  ON  DETERMINATION  OF  TIN  IN  FOODS. 

By  A.  W.  Hansen  and  L.  G.  Johnson. 

The  writers  do  not  wish  to  claim  credit  for  any  new  principles  In  the  method 
here  outlined;  all  available  information  was  utilized.  The  use  of  nitric  and 
sulphuric  acid  to  carbonize  the  organic  matter  is  essentially  the  procedure  fol- 
lowed in  the  Marsh-Berzelius-Sangcr  arsenic  method,  and  in  the  Smith-Bartlett ' 
tin  method,  except  that  dilute  acids  are  used,  which  greatly  reduces  the  danger 
of  loss  from  frothing.    A  description  of  the  method  follows : 

Method  of  makkiff  solution^ — ^Place  in  a  KJeldahl  flask  an  amount  of  the 
sample  containing  about  25  grams  of  solid  matter.  Add  some  pieces  of  broken 
glass,  about  200  cc  of  water,  100  cc  of  concentrated  nitric  acid,  and  50  cc  of 
concentrated  sulphuric  acid.  Heat  cautiously  over  a  wire  gauze.  Continue 
alternately  adding  nitric  acid  and  heating  till  all  organic  matter  is  destroyed, 
as  evidenced  by  the  absence  of  charring,  and  boil  down  the  solution  to  a  small 
volume.    Finally  add  about  25  grams  of  potassium  sulphate  and  heat  till  all 

^Chemie  der  Menschlichen  Nahrungs  und  Genussmittel,  4th  ed.,  vol.  1,  pp.  98-00; 
vol.  2,  p.  673. 

•U.  S.  Dept.  Agr..  Bureaa  of  Chemistry  Bal.  137,  p.  136. 
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nitric  acid  is  driyen  off,  adding  more  sulphuric  acid  if  necessary.  Tliis  method 
of  making  the  solution  could  doubtless  be  used  to  advantage  in  determining 
copper,  lead,  and  zinc  in  foods. 

Determination  of  tin, — Transfer  the  sulphuric  acid  solution  to  a  liter  Brlen- 
meyer  flask,  dilute  to  about  600  cc,  and  pass  in  hydrog^i  sulphid.  Let  stand 
overnight.  Filter  off  sulphids  and  wash  with  hot  water.  Digest  filter  and 
precipitate  with  hot  sodium  sulphid,  filter,  and  wash  with  hot  water. 

Barely  acidify  filtrate  from  the  sodium  sulphid  treatment  with  liydrochloric 
acid.  Filter  off  the  tin  sulphid,  wash  with  hot  water,  ignite,  and  weigh  as  tin 
oxid.     (Factor  for  metallic  tin,  0.78808.) 


REPORT  ON  CONDIMENTS  OTHER  THAN  SPICES. 
By  W.  J.  McGeb,  Associate  Referee. 

After  some  correspondence  and  discussion  it  was  decided  to  devote  the  work 
done  under  the  head  of  condiments  other  than  spices  to  ketchup.  An  outline 
for  the  chemical  examination  of  ketchup  had  been  sent  to  each  of  the  branch 
laboratories  in  circular  letter  from  the  Bureau  of  Chemistry,  dated  February  18, 
1911.    These  methods  were  as  follows: 

Statement  of  Methods. 

.  Total  aolida.-^XyeXerTcAne  as  usual,  using  from  3  to  5  grams  and  drying  at  the 
temperature  of  boiling  water  for  4  hours.  The  sample  should  be  spread  out 
in  a  thin  layer  for  drying. 

Insoluble  solids, — Wash  20  grams  repeatedly  with  hot  water,  centrlfuging 
after  each  addition  of  water.  Pour  the  clear  supernatant  liquid  through  a  tared 
double  filter  on  a  Bttchner  funnel.  A  cylinder  1  to  li  inches  in  diameter 
and  5  to  6  inches  long  is  convenient  for  washing  and  centrlfuging.  This  may  be 
prepared  by  shortening  a  colorimeter  tube.  After  four  or  five  washings  trans- 
fer the  remaining  insoluble  matter  to  the  filter  and  finally  dry  for  two  hours  at 
100**  C.  The  filter  paper  used  in  this  determination  should  be  dried  for  two 
hours  at  100"*  before  the  original  weighing. 

Soluble  solids. — Calculated  by  difference. 

Ash. — Determine  in  the  usual  manner.    Avoid  heating  above  dull  redness. 

Alkalinity  of  ash. — ^Transfer  the  ash  to  a  100  cc  flask  and  dilute  to  the  mark. 
Tliis  solution,  together  with  a  small  amount  of  insoluble  matter,  is  shaken 
thoroughly  and  an  aliquot  portion  pipetted  off  as  quickly  as  possible  for  the 
determination  of  alkalinity  of  the  ash.  Determine  as  under  "Alkalinity  of 
Insoluble  Ash,"  Bulletin  No.  107,  Revised,  page  69,  and  report  as  cubic  centi- 
meters of  t^th-normal  acid  per  ash  of  1  gram  of  ketchup.  Also  report  as  per 
cent  potassium  carbonate  in  the  salt-free  ash. 

Sodium  chlorid. — Determine  on  an  aliquot  portion  of  the  ash  solution  by 
Mohr*s  method. 

Reducing  sugars  before  inversion. — Weigh  10  grams  into  a  100  cc  flask,  clarity 
with  an  excess  of  normal  lead  acetate,  dilute  to*  the  mark,  and  filter.  Remove 
the  excess  of  lead  with  dry  sodium  sulphate  or  sodium  carbonate,  filter,  and 
determine  reducing  sugars  by  the  Munson  and  Walker  method.  Bulletin  107, 
Revised,  page  242.  Calculate  the  sugars  as  per  cent  invert  sugar  and  sncrose. 
(See  table  in  Bui.  107,  Rev.,  pp.  243-251.  column  5.) 

Reducing  sugars  after  inversion. — Transfer  50  cc  of  the  filtrate  obtained  in  the 
previous  determination  to  a  100-cc  flask,  add  5  cc  concentrated  hydrochloric 
acid,  let  stand  overnight,  neutralize  exactly  with  sodium  hydroxid,  cool,  make 
to  the  mark  and  determine  reducing  sugars  as  before.  Calculate  as  invert 
sugar. 

Sucrose. — Calculate  as  directed  on  pages  41  and  42  of  Bulletin  107,  Revised. 

Polarization  after  inversion. — Determine  in  the  usual  manner.  Use  the  nor- 
mal weight  of  ketchup  and  allow  to  stand  overnight  at  room  temperature  for 
inversion.  Report  as  polarization  on  the  normal  weight,  that  is,  26  grams  in 
100  cc. 

Total  acids  as  citric. — Use  5  grams  and  determine  as  under  "  Vinegar,"  Bul- 
letin 107,  Revised,  page  103.  (1  cc  of  tenth-normal  alkali=0.0068  gram  of  citric 
add.) 
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Volatile  acid9  as  acetic, — ^Determine  volatile  acids  in  the  nsoal  maimer,  using 
25  grams  of  sample.  (1  cc  of  tenth-normal  alkali =0.006  gram  of  acetic  acid.) 
Beserve  the  neutralized  distillate  for  the  determination  of  butyric  and  fonnic 
acids. 

Butyric  add. — Eraporate  to  dryness  the  neutralized  distillate  obtained  under 
"  Volatile  acids,"  in  a  weighed  platinum  dish  on  the  steam  bath.  Heat  for  2 
hours  in  an  oven  at  100**  G.  and  weigh.  From  the  alkali  used  and  the  weight 
of  the  salts  calculate  the  per  cent  of  sodium  in  the  salts.  Decompose  the  salts 
with  about  5  cc  of  10  per  cent  sulphuric  acid.  The  acid  residue  thus  obtained 
should  be  smelled  to  ascertain  the  presence  of  butyric  acid.  The  sodium  con- 
tent of  sodium  acetate  is  28  per  cent,  while  that  of  sodium  butyrate  is  20.5. 
Owing  to  the  natural  limits  of  error,  a  lower  sodium  content  than  28  per  cent 
may  occur  even  in  the  absence  of  butyric  acid,  but  if  the  amount  of  sodium 
present  .in  the  salt  is  found  by  the  calculation  directed  alK)ve  to  be  as  low  as 
27  per  cent,  it  is  our  experience  that  a  considerable  amount  of  butyric  acid  is 
present  A  much  smaller  amount  can  be  detected  by  smell,  however,  and  this 
method  of  calculation  is  only  of  value  in  determining  the  aiH[Hroximate  amount 
of  butyric  acid  where  considerable  quantities  are  present 

Fonnic  acid. — ^Test  for  formic  acid  as  follows :  To  the  salt  residue  acidified 
with  sulphuric  acid  obtained  in  the  preceding  determination  small  quantities  of 
magnesium  are  added*  the  action  of  the  magnesium  upon  the  acid  being  allowed 
to  continue  for  about  an  hour.  Formic  acid  present  is  thus  reduced  to  for- 
maldehyde, which  may  be  detected  by  the  Hehner  or  Leach  method.  If  the 
reaction  is  positive  the  presence  or  absence  of  formaldehyde  in  the  original 
sample  should  be  demonstrated. 

Fixed  acids  as  dtric — Calculate  by  differ«ice. 

Lactic  acid. — Make  100  grams  up  to  500  cc  with  water,  mix  thoroughly,  cen- 
trifuge, and  take  400  cc  of  the  clear  portion.  Shraporate  this  to  about  100  cc, 
add  10  cc  of  20  per  cent  normal  lead  acetate  solution,  filter,  and  wash  the  pre- 
cipitate twice  with  a  small  amount  of  water.  To  the  filtrate  add  agmoderate 
excess  of  sulphuric  acid,  filter,  wash  the  precipitate  with  a  small  Anount  of 
water,  and  evaporate  the  filtrate  on  the  steam  bath  to  a  convenient  volume  for 
extraction  in  a  continuous  liquid  extractor.  In  this  laboratory  this  volume  is 
100  cc  Extract  for  18  to  20  hours  in  a  liquid  extractor  with  washed  ether. 
(Ether  sufficiently  pure  for  this  purpose  may  be  prepared  by  shaking  out  ordi- 
nary ether  once  with  a  sodium  hydroxid  solution  and  then  10  times  with  small 
quantities  of  water.)  To  the  ether  extract  is  added  about  20  cc  of  water,  and 
the  ether  is  evaporated.  Care  must  be  taken  to  remove  all  traces  of  ether.  The 
water  is  added  before  evaporation  because  of  the  possible  presence  of  traces  of 
sulphuric  acid  which  might  otherwise  char  the  lactic  acid.  Approximately  3 
grams  sodium  hydroxid  are  then  added  to  the  water  solution  and  50  cc  of  a 
1.5  per  cent  solution  of  potassium  permanganate  are  added  from  a  pipette. 
This  is  heated  on  a  water  bath  at  100*"  for  one-half  hour.  At  the  end  of  that 
time,  or  before,  if  the  color  is  not  a  decided  blue  black  or  purple,  but  is  gre^i 
or  colorless  above  the  layer  of  brown  precipitate,  more  standard  permanganate 
in  measured  portions  is  added  until,  after  heating  one-half  hour  on  a  boiling- 
water  bath,  the  color  is  a  blue  black  or  purple.  The  oxidation  is  then  complete. 
The  hot  solution  is  strongly  acidified  with  dilute  sulphuric  acid  and  about  50  cc 
of  10  per  cent  sulphuric  acid,  and  standard  oxalic  acid  is  run  in  from  a  burette 
until  the  solution  is  decolorized.  In  this  laboratory  a  5  per  cent  solution  of 
oxalic  acid  is  used  for  that  purpose.  Any  slight  excess  of  oxalic  acid  is  titrated 
back  with  the  same  standard  permanganate  solution.  It  should  be  understood 
that  any  standard  permanganate  and  oxalic  acid  solutions  may  be  used  within 
reasonable  limits  of  strength.  In  alkaline  solution  the  permanganate  oxidizes 
the  lactic  acid  quantitatively  to  oxalic  acid  according  to  the  equation : 
2C.BW:),+10KMnO«=2(COOH)a+4H,O+2COa+6MnO,+5K,MnO« 

In  acid  solution  the  oxalic  acid  is  further  oxidized  by  the  permanganate  to 
carbon  dioxid  and  water  according  to  the  equation : 

5(COOH)a+2KMnO4+3H,SO4=10COa+8H,O+K,SO«+2MnSO4 
Calculation:  The  total  weight  of  permanganate  used  in  the  oxidation  of  the 
lactic  acid  is  determined  by  subtracting  the  permanganate  equivalent  of  the 
oxalic  acid  used  from  the  total  amount  used.    The  weight  of  permanganate 
times  0.237  equals  the  weight  of  lactic  acid. 

Citric  acid. — ^Weigh  25  grams  into  a  250-cc  beaker,  make  up  to  ai^>roxlmat^ 
200  cc  with  95  per  cent  alcohol,  allow  to  stand  with  frequent  stirring  for  four 
hours^  filter  through  a  folded  filter  and  wash  with  50  cc  of  80  per  cent  alcoho^ 
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To  the  filtrate  add  10  cc  of  20  per  cent  barium  acetate  solution,  stir  w^  with 
a  glass  rod,  allow  to  stand  overnight  In  the  morning  filter  on  a  Ctooch 
crucible,  washing  with  50  per  cent  alcohol,  dry  2  hours  In  an  ov«i  at  100'  C. 
and  weigh.    Weight  of  precipitate  times  0.49  equals  citric  acid. 

Nitrogen, — ^Determine  as  usual. 

rro<eifi.--Calculated.     (Nitrogen  X  6.25.) 

Ammonia  hy  distillation  with  magnesium  oxid, — Make  50  grams  up  to  300  cc 
with  distilled  water,  add  10  grams  magnesium  oxid,  place  in  a  1-liter  distilling 
flaslc,  and  distil  100  cc  in  approximately  30  minutes,  running  the  distillate  into 
standard  acid.  Titrate  the  excess  of  acid  with  tenth-normal  sodium  hydroxid, 
using  cochineal  or  methyl  orange  as  an  indicator.  (1  cc  of  tenth-normal  hydro- 
chloric acid  =  0.0017  gram  NH..) 

Nitrogen  partition  toith  basic  lead  acetate, — Weigh  into  a  250  cc  bealcer  25 
grams  of  the  sample.  Make  up  to  200  cc  with  water,  add  10  cc  20  per  cent  basic 
lead  acetate,  mix  thoroughly,  filter  through  a  folded  filter,  and  determine  nitro- 
gen by  the  Kjeldahl  method  In  an  aliquot  portion  of  the  filtrate.  For  this  pur- 
pose it  is  well  to  use  as  large  an  amount  of  filtrate  as  possible.  Calculate  this 
nitrogen  as  per  cent  total  nitrogen  in  the  original  ketchup.  From  the  total 
nitrogen  of  the  ketchup  calculate  the  quantity  of  nitrogen  in  the  basic  lead 
acetate  precipitate. 

Pectin  determination. — Filter  the  ketchup  through  a  folded  filter  and  weigh 
25  grams  of  the  filtrate  into  a  250  cc  beaker.  Add  95  per  cent  alcohol  to  a  total 
volume  of  200  cc.  Mix  thoroughly,  allow  to  stand  overnight  The  so-called 
pectin  bodies  will  probably  be  found  firmly  sticking  to  the  sides  and  bottom  of 
the  beaker.  If  this  is  the  case,  pour  off  the  alcohol,  dissolve  the  pectins  in  a 
small  amount  of  warm  water,  transfer  to  a  large  platinum  dish,  make  up  to 
approximately  100  cc  with  95  per  cent  alcohol,  and  allow  to  stand  12  hours. 
Pour  oflT  the  alcohol,  dry  the  pectins  contained  in  the  dish  for  2  hours  in  an 
oven  at  100**,  and  weigh.  Ash  at  a  dull  red  heat,  weigh  and  subtract  the 
weight  o|  the  ash.  The  loss  on  ignition  represents  the  so-called  pectin  bodies  for 
a  25-gram  sample. 

Sand. — Weigh  100  grams  into  a  2  or  3  liter  beaker,  nearly  fill  the  beaker 
with  water  and  mix  the  contents  thoroughly.  Allow  to  stand  five  minutes  and 
decant  the  supernatant  liquid  into  a  second  beaker;  refill  the  first  with  water 
and  again  mix  the  contents.  After  five  minutes  more,  decant  the  second  beaker 
into  the  third,  the  first  into  the  second,  refill,  and  again  mix  the  first  Continue 
this  operation,  decanting  from  the  third  beaker  into  the  sink,  until  the  lighter 
material  is  washed  out  from  the  ketchup;  then  collect  the  sand  from  the  three 
beakers  in  a  tared  Gooch  crucible.  Dry,  Ignite,  and  weigh.  Your  attention  is 
especially  called  to  the  ftict  that  under  "sand"  should  only  be  reported  the 
figure  obtained  by  this  method.  The  results  obtained  by  the  determination  of 
ash  insoluble  in  hydrochloric  acid  are  not  applicable  to  the  determination  of 
sand  in  tomato  ketchup,  partly  because  the  percentage  present  is  so  small  and 
the  sand  is  so  unevenly  distributed  that  reliable  results  can  only  be  obtained  by 
taking  a  larger  sample  than  is  possible  in  the  determination  of  ash. 

Qualitative  determinations, — ^Make  qualitative  examinations  for  benzoic  acid, 
saccharin,  boric  acid,  starch. 

Report  also  t?ie  following. — Sugar-free,  salt-free  soluble  solids;  ratio  of  in- 
soluble solids  to  sugar-free,  salt-free  soluble  solids;  ratio  of  nitrogen  in  lead 
acetate  filtrate  to  total  nitrogen;  ratio  of  ammoniacal  nitrogen  to  total  nitro- 
gen; ratio  lactic  acid  to  citric  acid;  ratio  citric  acid  to  sugar-free,  salt-ftee 
soluble  solids ;  ratio  total  protein  to  sugar-free,  salt-free  soluble  sollda 

Examine  the  original  sample  before  mixing  and  report  the  presence  and 
appearance  of  any  sediment  which  may  appear  on  the  bottom. 

Analytical  Results. 

For  purposes  of  Investigation  two  samples  of  ketchup  were  prepared  after 
a  cookbook  recipe;  one  was  made  from  clean,  sound,  ripe  tomatoes  with  stems 
and  spots  cut  out,  and  the  other  was  made  from  tomatoes  which  had  been  kept 
in  the  laboratory  spread  out  on  the  bench  until  every  one  had  started  to  decay — 
some  were  covered  with  a  green  mold.  Owing  to  the  very  large  amount  of 
spices  demanded  by  this  recipe  the  two  samples  of  ketchup  tasted  practically 
aUke. 

%   The  sample  made  from  sound  tomatoes  was  designated  "A,"  that  from  de- 
cayed tomatoes  "B."     Three  pints  ^f  each  of  these  were  sent  to  four  col- 
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laborators,  who  were  requested  to  make  a  complete  analysis  according  to  the 
methods  Just  given. 

•   Reports  were  received  from  two  of  the  collaborators  and  these,  with  the 
referee's  own  results,  have  been  tabulated  as  follows: 

Comparative  percentage  results  by  three  analysts  on  two  samples  of  ketchup. 


Pettrmin^tioDST 

"A*'  samples  (sotmd  toma- 
toes). 

»B"  samples  (decayed  toma- 
toes). 

1 

2 

3 

1 

2 

3 

Total  solids 

23.80 
2.39 

21.41 
2.74 

66.8 

.848 
1.71 
13.10 
14.70 
/     ZVC, 
\-6.6 
1.60 
2.66 
1.06 
1.43 
Present. 
None. 
.20 
.602 
.338 
2.11 

.0612 
.263 

1.17 
.0133 

None. 

None. 

None. 

None. 

6.10 

1:2.13 

1:1.28 

1:6.71 
1:2.61 

1:10.  fo 

1:2.41 
None. 

23.09 
2.38 

21.31 
2.80 

60.8 

.000 
1.77 
13.02 
16.66 

22.90 
2.26 

20.66 
2.77 

48.6 

.700 
1.66 
13.76 
16.36 
30.5»C. 
-6.0 
1.52 
2.21 
.62 
1.40 
None. 
Present. 
.28 
.670 
.340 
2.18 

.066 
.268 
.97 
.026 

None. 

None. 

None. 

None. 
3.71 

1:1.66 

1:1.80 

1:7.60 
1:2.02 

1:6.61 

1:1.70 
None. 

17.10 
2.46 

64.6 

.871 
1.34 
8.00 
11.96 
33.5*  C. 
-4.2 
3.76 
2.29 
.63 
1.68 
Present. 
None. 
.659 
.364 
.260 
1.68 

.0228 
.103 
.76 
.017 

None. 

None. 

None. 

None. 

4.01 

13.19 

13.61 

1:14.34 
l.*0.63 

1:11.32 

1:2.40 
None. 

10.21 
1.80 

17.41 
2.42 

72.0 

1.0 

1.46 
8.39 
12.62 

19.67 

TnanliihlA  snlid« 

1.88 

Soluble  solids 

17.79 

Ash - 

2.87 

Alkalinity  of  ash  (per  cent  potassium  car- 
bonate in  salt-free  ash) 

26.7 

Alkalinity  of  ash  (co  tenth-nonnal  acid  in 
original  kf^tohup) 

.40 

Soditun  cblorid . .".' 

1.24 

Reducing  sugars  befcwe  inversion 

8.78 

Bedudng  sugars  after  inversion 

12.67 

30«C. 

x^uiarnauou aiier invereion \  \.) 

-6.2 
1.66 
2.37 
1.17 
1.16 

-4.6 

3.92 

2.19 

.79 

1.33 

-4.0 
8.60 

Total  acids,  as  citric 

2.23 

Fixed  acids,  as  citric 

.68 

Volatile  acids,  as  acetic 

1.46 

Butyric  acid 

None. 

Foraiio  acid 

Present. 

Lactic  acid 

:& 

.63 
.40 

.32 

Citric  acid 

.610 

Nitrogen 

.223 

Frotftm(NX6.2S).  .  .             .   .        ,     .  . 

1.89 

AmmonU  by  disUllation  with  magnesium 
oxid 

.0680 

.019 

.010 

Nitrogen  partiUon  with  basic  lead  acetate. . 
'P(fi>tir\  det^miipation . ,   , 

.137 

1.37 

.91 

.94 

Sand 

.008 

(Wioharin,  qualitative , 

None. 

Boric  acid,  qualitative 

None. 

Benioio  acid^  qualitative 

None. 

Starch,  qualftative 

None. 

Sugar-free,  salt-freo  soluble  solids 

Batio  of  insolublo  solids  to  su^^ir^ree,  salt- 
free  soluble  solids 

4.06 
1:1.70 

3.64 
13.02 

4.27 
13.26 

BaUo  of  nitroeen  in  basic  lead  acetate  fil- 
trate to  total  nitrogen 

Batio  of  ammoniacal  nitrogen  to  total  ni- 
trogen  

Ratio  lactic  acid  to  citric  acid 

Batio  citric  add  to  sugar^ree,  salt-free  solu- 
ble soUds 

Batio  of  total  protein  to  sngaMree,  salt- 
free  sohible  smids.  .    ..       

1:1.62 

'*i*«.*68** 
1:9.10 

1:14. 

1:1.29 
ia.46 

1:1.6 
1:8.87 
ia.07 

Sediment  before  opening 

None. 

Discussion  of  Results. 

The  agreement  between  the  different  analysts  is  fair,  except  in  the  determi- 
nations of  alkalinity  of  ash,  per  c»it  of  potassium  carbonate  in  the  salt-free 
ash,  and  of  citric  and  lactic  acids.  The  number  of  collaborators  was  not  large 
enough  to  allow  any  definite  conclusions  to  be  drawn.  The  results,  howev^, 
show  the  desirability  of  further  worlc  on  the  determination  of  lactic  and  citric 
acids.  The  work  done  in  the  Bureau  of  Chemistry  by  Bacon  and  Dunbar  has 
demonstrated  the  value  of  the  lactic-citric  ratio  In  interpreting  a  ketchup 
analysis.  It  is  of  considerable  importance  that  a  method  be  worked  out  that 
will  give  reasonably  consistent  results  in  the  hands  of  operators  of  ordinary 
skill. 

I  would  suggest  that  the  lactic-acid  method  be  modified  up  to  the  point  of  the 
ether  extraction  in  the  following  maimer : 

*  Make  100  grams  of  ketchup  up  to  500  cc  with  water,  mix  thoroughly,  centri- 
fuge; pour  off  400  cc  through  a  filter,  add  10  cc  of  20  per  cent  lead  acetate 
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solution,  and  make  up  to  500  cc.  After  centrifuging  again  400  cc  should  be 
poured  off  through  a  filter  and  a  slight  excess  of  dilute  sulphuric  acid  added. 
Settle  precipitate  with  centrifugal  and  pour  directly  into  evaporating  dish. 
Wash  the  lead  sulphate,  precipitate  once  with  about  50  cc  of  water,  and  flltef 
into  the  evaporating  dish.  £ivai)orate  on  steam  bath  to  volume  desired  for  the 
extraction  apparatus.  Extract  for  18  to  20  hours  in  a  liquid  extractor  with 
washed  ether.  (Ether  sufficiently  pure  for  this  purpose  may  be  prepared  by 
shalsing  out  ordinary  ether  once  with  a  sodium  hydroxid  solution  and  then  10 
times  with  small  quantities  of  water.)  To  the  ether  extract  is  added  about  20 
cc  of  water  and  the  ether  is  evaporated.  Care  must  be  talcen  to  r^nove  all 
traces  of  ether.  The  water  is  added  before  evaporation  because  of  the  possible 
presence  of  traces  of  sulphuric  acid  which  might  otherwise  char  the  lactic  acid. 
Approximately  8  grams  sodium  hydroxid  are  then  added  to  the  watar  solution 
and  50  cc  of  a  1.5  per  cent  solution  of  potassium  permanganate  are  added  frcnn 
a  pipette.  This  mixture  is  heated  on  a  water  bath  at  100**  C.  for  one-half  hoar. 
At  the  end  of  that  time,  or  before,  if  the  color  is  not  a  decided  blue-black  or 
purple,  but  is  green  or  colorless  above  the  layer  of  brown  precipitate^  more 
standard  permanganate  in  measured  portions  is  added,  until,  after  heating  one- 
half  hour  on  a  boiling  water  bath,  the  color  is  a  blue-black  or  purple.  The 
oxidation  is  then  complete.  The  hot  solution  is  strongly  acidified  with  dUute 
sulphuric  acid,  about  50  cc  of  10  per  cent  sulphuric  acid,  and  standard  oxalic 
acid  run  in  from  a  burette  until  the  solution  is  decolorized.  In  this  laboratory 
a  5  per  cent  solution  of  oxalic  acid  is  used  for  that  purpose.  Any  slight  excess 
of  oxalic  acid  is  titrated  back  with  the  same  standard  permanganate  solution. 
It  should  be  understood  that  any  standard  permanganate  and  oxalic  add  solu- 
tions may  be  used  within  reasonable  limits  of  strength.  In  alkaline  solution, 
the  permanganate  oxidizes  the  lactic  acid  quantitatively  to  oxalic  acid  accord- 
ing to  the  equation : 

2C.H,O,+10KMnO«=2(COOH),+4H8O-|-2CO,+5MnO,+5KJkInO4 

Then  in  acid  solution,  the  oxalic  acid  is  further  oxidized  by  the  permanganate 
to  carbon  dioxid  and  water  according  to  the  equation : 

5  ( COOH )  ,+2KMnO4+3H8SO4=10CO«+8H^ +K,S04+2MnS04 

Calculation :  The  total  weight  of  permanganate  used  in  the  oxidation  of  the 
lactic  acid  is  determined  by  subtracting  the  permanganate  equivalent  of  the 
oxalic  acid  used  from  the  total  amount  used.  The  weight  of  permanganate' 
times  0.237  equals  the  weight  of  lactic  acid. 

Better  results  are  obtained  if  the  ether  extract  is  run  down  to  dryness,  taken 
up  with  water,  and  filtered  before  adding  the  alkali  and  permanganate. 

Recom  mendation. 
It  is  recommended — 

(1)  That  these  methods  or  modifications  of  them  be  tried  another  year,  if 
possible,  securing  a  much  larger  number  of  colkiboratora 

(2)  That  some  experiments  be  tried  to  ascertain  to  what  extent  the  nitrogen 
ratios  can  be  influenced'  by  the  spice  contend  of  ketchup. 

(8)  That,  as  the  complete  scheme  of  analysis  as  outlined  is  very  long  and 
takes  about  16  hours  of  practically  continuous  attentlQU,  a  special  attempt  be 
made  to  eliminate  all  the  determinations  not  actually  necessary  for  the  judging 
of  a  ketchup. 

REPORT  ON  COLORS. 

By  W.  E.  Mathewson,  Associate  Referee, 

In  the  cooperative  work  on  colors  done  last  year  two  problems  were  con- 
sidered— the  identification  of  the  permitted  coal-tar  colors  when  used  in  ad- 
mixture with  each  other  and  the  identification  of  certain  other  dyes  that  for 
one  reason  or  another  seemed  to  merit  special  study.  This  season  an  examina- 
tion has  been  made  of  methods  used  for  separating  and  identifying  nonpermitted 
colors  in  admixtures. 

Samples  of  six  artificially  colored  food  products  were  sent  out,  together  witf 
the  statement  of  a  procedure  used  in  the  New  York  laboratory  for  dealing  with 
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such  mixtures.  This  consists  in  making  the  samples  strongly  acid  with  hydro- 
chloric acid  (about  one-third  the  volume  of  concentrated  acid  being  added) 
and  shalcing  out  with  a  few  portions  of  amyl  alcohoL  The  alcohol  extracts  are 
combined,  thai  shalcen  with  a  number  of  small  portions  of  hot  water.  The  amyl 
alcohol  is  then  diluted  with  gasoline,  given  a  few  more  washings  with  water* 
and  finally  treated  with  very  dilute  caustic  soda.  In  general  the  higher  sol- 
phonated  dyes  are  found  in  the  first  strongly  acid  washings,  those  of  a  lower 
degree  of  sulphonation  appearing  later.  If  the  original  mixture  contained 
basic  colors,  these  are  first  removed  by  making  alkaline  and  shaking  with 
ether,  the  ether  solution  of  the  color  bases  being  then  fractionated  in  a  similar 
way  by  washing  with  water  and  finally  with  dilute  acid. 
The  colors  used  in  preparing  samples  are  given  in  the  following  table: 

Samples  for  the  identification  of  nonpermitted  colors  in  admiwtures. 


Number. 

Pood  product. 

Coloring  matters. 

8.  and  J. 
numbers. 

1  ... 

Imitatloo  cordial 

Bordeaux  B 

66 

.do 

617 

2    .. 

Tartratin 

94 

do 

<>owln  Orange 

13 

3 

Light  Oreen  8F  Yellowish 

436 

do 

Acid  Yellow  O 

8 

4 

Rhodamin  B 

604 

do 

Methyl  Violet 

461 

61 

Indigo  Carmin 

092 

Salad  oU 

Amaranth 

107 

Naphthol  Yellow  8 

4 

6 

Su4aii  ft 

40 

Anilin  Yellow 

7 

1  Examination  of  Sample  No.  6  some  six  weeks  after  its  preparation  showed  that  the  indigo  carmin  had 
entirely  disappeared. 

All  these  dyes  are  known  to  be  frequently  used  in  foods,  and  all,  with  one  or 
two  possible  exceptions,  have  been  found  in  admixture  with  other  colora  Since 
most  methods  of  separation  are  more  or  less  troublesome  with  impure  dyes, 
commercial  products  were  used  in  preparing  the  samples,  excepting  the 
Grocein  orange,  acid  yellow,  and  the  oil-soluble  colors,  which  were  made  in  the 
laboratory.  The  acid  yellow,  however,  was  prepared  in  the  usual  way  by 
sulphonating  amlnoazobenzene,  and  haice  corresponded  to  No.  8  of  the  Schultz- 
Julius-Green  tables,  a  mixture  of  sulphonated  derivatives.  The  results  obtained 
are  given  below: 

Cooperative  results  on  color  mixtures. 


Analyst. 

Coloring  matters  reported. 

Sample  1. 

Sample  2. 

Samples. 

Crooein  Orange 

Light  Oreen  8F  Yellow- 

E. H.  Grant,  New  Or- 
leans, La. 

Amaranth 

Tartrasin 

ish. 
MetanO  Yellow. 

Bordeaux  B 

Crooein  Orange. 

Light  Green  SF  Yellow- 

C.  8.  9rinton,  Philadel- 
phia, Pa. 

Erythrosin 

Tartrasin 

Add  Yellow  G. 

Bordeaux  B 

Crooein  Orange 

Light  Green  SF  YeUow- 

H.  M.  Loomis,  Seattle, 
Wash, 

Er3rthro6in 

Tartrasin 

ish. 
Acid  Yellow  G. 

Bordeaux  B 

Oroceln  Orange 

Light  Green  8F  Yellow- 

W.  A.  Brannon,  Wash- 
ington, D.  C. 

Tartrasin 

ilh. 
Acid  Yellow  G. 

Bordeaux  B 

Crooein  Orange 

Light  Green  SF  YeUow- 

A.  M.  Doyle,  Washing- 
ton,  D.  C. 

Erythrosin 

Rhodamin  B  (trace) .... 

ish. 
Add  Yellow  G. 
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Cooperative  results  on  color  mixtures — Continued. 


Anelyst. 

Sample  4. 

Sample  6. 

Sample  6. 

E.  H.  Grant,  New  Or- 

f&fethylene  Blue 

Naphthol  YeUow  S 

Amaranth. 

Sudan  I. 

leaiUfLa. 

\RliodaminB 

Butter  YeUow  (trace). 

C.  S.  BrfnUm,  PhUadel- 
phla,Pa. 

H.  M.  Loomis,  deattle, 
WiAh. 

/Methyl  Violet 

lR.luw1amln  n 

rNaphtholYeUowS 

Amaranth. 

SudaoL 

/Crystal  Violet 

iRnmlfunIn  n 

Indigo  Carmin 

Naphthol  YeUowS 

Amaranth. 

Anilin  Yellow. 
Sudani. 
Anilin  Yellow. 

W.  A.  Brannoo,  Wash- 
ingUm,  D.  C. 

fMethyl  Violet 

llndigo  Carmin 

Naphthol  YeUowS 

Amaranth. 

Rhodamln  B 

ain^. 

0.  M.  Bartlett,  Boston, 

Similar  to  AnlUn  Yellow. 

Mass. 

A.  M.  Dqvie,  Washing- 
ton, D.C. 

/Methyl  Violet 

Naphthol  Yellow  8 

Amaranth 

Sudan  I. 

\RhodMnfnB.. 

Umdeotlfled  YeUow. 

Details  as  to  the  methods  of  separation  and  identification  used  were  not 
stated  In  most  cases,  but  apparently  immiscible  solvents  were  usually  employed 
for  the  separation  and  the  dyes  subsequently  identified  by  their  spot  reactions 
when  dyed  on  wool,  etc.,  applying  data  given  in  United  States  Department  of 
Agriculture  Circular  No.  63,  Allen,  and  other  sources. 

C.  S.  Brinton  used  glacial  acetic  acid  (Comellison's  method)  for  extracting 
the  coloring  matter  from  the  oil  in  Sample  No.  6.  E.  H.  Grant  also  followed 
this  procedure,  but  prefers  to  saponify  the  oil  directly.  W.  A.  Brannon  saponi- 
fied the  oil,  but  found  it  difficult  to  obtain  a  clean  ether  solution  of  the  color- 
ing matter.  G.  M.  Bartlett  dissolved  the  oil  in  ether  and  shook  out  with  strong 
hydrochloric  acid. 

H.  M.  Loomis  suggests  that  the  amyl  alcohol  or  ether  solution  of  the  colors 
obtained  on  shaking  out  the  original  mixture  should  be  washed  with  acid  or 
alkali  (as  the  case  may  be)  to  remove  sugar,  etc.,  before  beginning  the  fractional 
shaking  out  with  water. 

As  the  permitted  colors  are  so  much  more  frequently  used  than  others,  any 
satisfactory  general  method  for  the  treatment  of  unlmown  mixtures  must  re- 
quire no  great  amount  of  manipulation  or  time  when  only  these  are  present 
Usually,  however,  the  main  object  of  the  work  is  to  determine  whether  or  not 
nonpermitted  dyes  have  been  used,  the  identification  of  others  being  of  Interest 
only  as  bearing  on  this  question.  Such  a  method,  therefore,  should  Involve 
a  minimum  use  of  reagents  likely  to  destroy  or  alter  chemically  any  of  the 
coloring  matters  and  should  be  of  such  character  that  the  deportment  of  the 
dye  may  be  predicted  with  some  accuracy  from  its  constitution.  Also  it  must 
be  capable  of  being  adapted  to  mixtures  containing  relatively  small  amounts 
of  one  component  These  requirem^its  seem  best  satisfied,  on  the  whole,  by 
the  use  of  immiscible  solvents. 

Dichlorhydrin,  suggested  as  a  solvent  by  H.  A.  Seil,  has  been  given  some 
comparative  study.*  Of  most  dyes  it  extracts  from  a  solution  of  given  acidity 
much  less  than  does  amyl  alcohol.  However,  it  takes  up  far  more  Light  Green 
8F  Yellowish  (and  similar  acid  greens)  than  the  latter  solvent  and  Is  useful 
for  separating  these  after  the  other  colors  have  been  removed. 

T.  M.  Price's  recent  paper*  describing  a  separation  of  the  permitted  colors 
In  dry  mixtures  gives  new  analytical  data,  but  probably  did  not  appear  early 
enough  to  be  made  use  of  in  the  cooperative  work. 

It  is  suggested  that  the  study  of  the  separation  of  mixtures  be  continued  by 
the  association  and  that  work  bearing  on  the  identification  of  the  common 
natural  coloring  matters  be  begun. 

1 U.  S.  Department  of  Agriculture,  Bureau  of  Chemistry  Cir.  89. 

'  U.  S.  Department  of  Agriculture,  Bureau  of  Animal  Industry  Cir.  180. 
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RBPORT  ON  VmBOAIL 

By  W.  A.  Bender,  Associate  Referee. 

No  cooperatlTe  work  was  done  this  year  on  vinegar,  the  referee's  work  having 
consisted  in  a  revision  of  the  provisional  methods,  which  is  recommended  for 
the  reason  that  new  methods  of  importance  have  been  in  use  for  some  time,  and 
modifications  have  been  made  in  some  of  the  older  methods.  The  refer^  con- 
siders it  highly  important  to  bring  the  provisional  methods  np  to  date  with  the 
least  possible  delay  and  a  revision  is  therefore  submitted  for  adoption  and 
further  study. 

The  methods  were  first  written  up  substantially  the  same  as  those  sent  out 
last  year  by  R.  E.  Doolittle  with  samples  to  the  various  Government  labora- 
tories, and  copies  were  sent  to  representative  food  chemists  throughout  the 
country  with  a  request  for  criticism.  With  these  criticisms  in  mind  the  final 
copy  was  prepared.  The  methods  as  herein  presented,  except  section  9,  have 
been  used  for  a  year  and  a  half  in  the  New  York  and  Washington  laboratories 
of  the  Bureau  of  Chemistry,  and  were  tested  last  year  in  conjunction  with  the 
referee's  work  and  are  mentioned  in  his  report.  (See  Bui.  137,  pp.  59,  60, 
and  61.)  In  case  they  are  adopted  the  most  important  changes  that  will  be 
effected  in  the  methods  as  now  printed  in  Bulletin  107,  Revised,  are  as  follows : 

1.  Addition  of  the  glycerin  determination. — ^This  determination  as  worked 
out  and  tested  by  Ross  in  the  case  of  wine  and  vinegar  has  been  incorporated 
without  change.  Its  accuracy  has  been  further  tested  by  both  B.  H.  Goodnow 
and  the  referee,  separately  and  together.  It  has  been  further  shown  by  ex- 
tensive work  done  in  vinegar  factories  by  the  referee  and  Mr.  Goodnow  under 
the  supervision  of  Messrs.  Tolman  and  Doolittle  that  it  is  an  essential  deter- 
mination for  Judging  the  purity  of  a  vinegar.  In  Judge  Willard's  decision,  at 
the  recent  vinegar  trial  in  Minneapolis,  it  was  held  that  the  evidence  showed 
this  method  to  be  accurate  and  essential. 

2.  Reducing  sugars  direct  after  evaporation, — ^It  is  a  well-known  fact  that 
vinegar  contains  varying  amounts  of  volatile  reducing  bodies,  which  are  incor- 
rectly estimated  as  sugar  in  the  method  formerly  used.  To  get  the  true 
amount  of  sugar  present  it  is,  therefore,  necessary  to  drive  off  this  volatile 
matter  by  evaporation  and  use  the  residue  for  the  determination.  Clarification 
and  neutralization  are  omitted  following  the  referee's  suggestion  of  last  year. 

3.  Fixed  acid  is  determined  by  titration  of  the  residue  obtained  after  repeated 
evaporation.  The  objection  to  the  present  method  of  Bulletin  107,  Revised,  is 
the  difficulty  of  an  accurate  estimation  of  volatile  acid  by  steam  distillation. 

4.  Estimation  of  color  by  the  brewer's  scale. 

5.  Determination  of  color  removed  by  fuller's  earth  Is  added  for  the  reason 
that  it  is  of  value  in  the  case  of  the  addition  of  a  large  amount  of  caramel  to  a 
diluted  vinegar. 

6.  The  alcohol  precipitate  has  been  shown  to  be  of  value  in  detecting  products 
made  from  decomposed  pomace,  waste,  or  apples.  The  referee  believes  that 
further  cooperative  work  should  be  done  on  this  method. 

7.  The  pentosan  determination  is  made  for  the  same  reason  as  stated  in  the 
preceding  paragraph.  This  Is  a  standard  method  which  gives  concordant  re- 
sults, and  is  extremely  valuable  in  cases  where  material  unfit  for  consumption 
has  been  used.  * 

The  following  determinations  given  in  Bulletin  107,  Revised,  have  been 
omitted  from  the  present  revision: 

12.  Oxalic  acid;  13  and  14,  detection  of  bitarti-ate  of  potassium  and  free 
tartaric  acid ;  15  and  16,  detection  and  determination  of  free  mineral  acids ;  19, 
detection  of  dextrin;  20,  detection  of  coloring  matters,  and  22,  detection  of 
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foreign  pungent  materials.  The  referee  does  not  know  that  any  recent  work 
has  been  done  along  these  lines  and  personally  does  not  feel  able  to  Include 
them  in  the  recommendations,  but  sees  no  objection  to  leaving  them  as  th^ 
stand  until  question  arises  as  to  their  value. 

Reoom  If  endations. 
It  is  recommended — 

(1)  That  method  5  for  glycerin  by  S.  H.  Ross  be  adopted  provisionally,  as 
published  in  the  Proceedings  for  1910.     (Bui.  137.  pp.  61-63.) 

(2)  That  method  21  for  pentosans  be  adopted  provisionally.  (This  is  the 
provisional  method  of  Bulletin  107,  Revised,  p.  54,  applied  to  vinegar  with  the 
direction  for  the  use  of  the  proper  amount  of  hydrochloric  acid  to  account  for 
the  water  of  the  vinegar.) 

(3)  That  the  other  new  methods  and  modifications  submitted" be  printed  and 
studied  further  during  the  coming  year. 

Methoids  fob  the  Analysis  of  Vinegab. 

1.  Preparation  of  sample, — For  microscopical  examination  employ  the  original 
sample,  but  for  chemical  analysis  filter  If  turbid. 

2.  Calculation  of  results. — Express  all  results  as  grams  per  1(X)  cc. 

3.  Specific  gravity, — Determine  as  directed  under  XIII,  wine,  page  83,  Bul- 
letin 107,  Revised. 

4.  Alcohol, — Measure  100  cc  of  the  sample  into  a  .  round-bottom  distilling 
flask.  Make  faintly  alkaline  with  saturated  caustic  soda  solution,  add  a 
small  scrap  of  paraffin,  distil  almost  50  cc,  make  up  to  50  cc  at  temperature  of 
sample,  filter  If  necessary,  and  determine  specific  gravity  by  pyknometer  or 
Sprengel  tube.  CJalculate  per  cent  by  volume,  or  grams  per  100  cc,  from  Table 
II,  page  203,  bearing  in  mind  that  the  alcohol  strength  of  the  distillate  is  twice 
that  of  the  original  vinegar. 

5.  Glycerin, — Ross's  method.    Bulletin'  137,  page  61. 

6.  Solids, — Measure  10  cc  of  filtered  vinegar  into  a  tared  flat-bottom  platinum 
dish  of  50  mm  diameter,  evaporate  on  the  water  bath  to  a  thick  sirup  and  dry 
for  exactly  two  and  one-half  hours  in  the  drying  oven  at  the  temperature  of 
boiling  water;  cool  and  weigh.    It  is  essential  to  use  a  flat-bottom  dish. 

7.  Total  reducing  matters  "before  inversion. — Proceed  according  to  Munson 
and  Walker's  method  (Bui.  107,  Rev.,  p.  241),  using  10  or  20  cc  of  sample. 
Express  results  as  grams  of  invert  sugar  per  100  cc.  Malt  vinegar  should  be 
clarified  with  sodium  phosphotungstate. 

8.  Reducing  sugars  before  inversion,  after  evaporation. — Evaporate  50  cc 
to  5  cc  on  the  water  bath.  Add  25  cc  water  and  evaporate  to  5  cc.  Again  add  25 
cc  water  and  evaporate  to  5  cc.  Transfer  to  a  volumetric  flask*  make  up  to 
the  mark,  and  proceed  as  under  "  7,"  using  a  quantity  equivalent  to  10  or  20 
cc  of  sample. 

9.  Reducing  sugar  after  in/version. — ^Proceed  as  under  "8."  After  the  last 
evaporation  to  5  cc  transfer  to  a  100  cc  flask  with  70  cc  of  water  and  invert 
by  one  of  the  methods  given  under  **  VI.  General  methods  "  (c) ,  page  40.  Nearly 
neutralize  with  caustic  soda,  make  up  to  the  mark  and  proceed  as  under  '*  7,** 
using  a  quantity  equivalent  to  10  or  20  cc  of  sample. 

10.  Polarization. — If  the  lead  precipitate  is  heavy  add  to  50  cc  of  sample 
5  cc  of  lead  subacetate  solution,  shake  and  let  stand  30  minutes,  filter  and 
polarize,  preferably  in  a  200  mm  tube,  correcting  for  dilution.  If  lead  subace- 
tate gives  only  a  turbidity,  add  to  the  50  cc  sample  in  fiask  10  cc  alumina  cream, 
shake,  let  stand  30  minutes,  filter,  and  polarize,  correcting  for  dilution. 

11.  Ash. — Measure  25  cc  into  a  tared  platinum  dish,  evaporate  to  dryness  on 
the  steam  bath,  heat  in  the  muffle  at  low  heat  to  expel  infiammable  gases, 
treat  the  charred  portion  with  a  few  cubic  centimeters  of  water  and  evaporate 
dry  on  the  bath ;  replace  in  the  muffle  at  low  redness  for  15  minutes,  and  con- 
tinue the  alternate  evaporation  and  heating  until  a  white  or  gray  ash  is 
obtained,  at  no  time  allowing  the  temperature  tcr  exceed  a  dull  red;  cool  in 
desiccator  and  weigh. 

12.  Solubility  and  alkalinity  of  soluble  ash. — ^Add  to  the  above  ash  about  10 
to  15  cc  distilled  water,  bring  to  a  boil,  and  filter  through  a  9  cm  quantitative 
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filter.  Repeat  the  operation  twice;  transfer  the  ash  completely  to  the  filter 
paper  and  wash  with  three  successive  portions  of  hot  water;  dry  and  ignite 
the  filter  with  the  undissolved  residue  at  low  red  heat,  cool,  weigh,  and  cal- 
culate as  Insoluble  ash.  Cool  the  filtrate  and  titrate  with  tenth-normal  hydro- 
chloric acid,  using  methyl  orange  as  Indicator.  Express  results  as  number  of 
cubic  centimeters  of  tenth-normal  hydrochloric  acid  per  100  cc  sample. 

18.  Boluble  and  insoluble  phosphoric  acid, — Insert  "  8.  Pho^horic  acid  of  the 
ash,"  Bulletin  107,  Revised,  page  102. 

14.  Total  acids.— Insert  "  9.  Total  acids,"  Bulletin  107.  Revised,  page  108. 

15.  Fiwed  acid. — ^Measure  10  cc  into  a  200  cc  porcelain  casserole,  evaporate 
Just  to  dryness,  add  5  to  10  cc  of  water  and  again  evaporate ;  repeat  until  at  least 
five  evaporations  have  taken  place  and  no  odor  of  acetic  acid  can  be  detected. 
Add  nearly  200  cc  of  recently  lK)iled  distilled  water  and  titrate  with  tenth- 
normal alkali,  using  phenolphthalein.  One  cubic  centimeter  of  tenth-normal 
alkali  is  equivalent  to  0.0067  gram  of  malic  acid. 

16.  Volatile  acid. — Calculate  the  fixed  acid  as  acetic  and  deduct  from  the 
total  acid.    Express  as  acetic  acid. 

17.  Lead  precipitate. — ^To  10  cc  in  a  test  tube  add  2  cc  normal  lead  acetate 
(20  per  cent  solution),  shake,  and  let  stand  one-half  hour.  Express  as  tur- 
bidity, light,  medium,  heavy,  or  very  heavy. 

18.  Color. — Brewer's  scale. — Read  in  good,  refiected  daylight,  using  0.5-inch 
cell  and  the  Lovibond  scale. 

19.  Color  removed  hy  fuller's  earth. — ^To  50  cc  add  25  grams  of  fuller's  earth, 
shake  at  intervals  for  80  minutes  and  filter  through  a  fluted  filter.  Put  equal 
volumes  of  treated  and  original  sample  in  adjoining  colorimetric  tubes,  make 
to  50  CO  with  water,  and  compare  the  degrees  of  color  in  some  form  of  color- 
imeter. Express  results  as  per  cent  of  color  removed.  On  account  of  its  vary- 
ing quality  It  is  necessary  for  the  analyst  to  standardize  the  fuller's  earth  used 
against  vinegars  of  known  purity. 

20.  Alcohol  precipitate. — Evaporate  100  cc  of  vinegar  to  about  15  cc.  It  has 
been  observed  that  wh^i  there  is  considerable  sugar  In  the  vinegar  if  the 
sample  is  evaporated  to  too  low  a  volume,  on  adding  the  alcohol  a  gunmiy  or 
stringy  precipitate  occurs  instead  of  a  flocculent  one.  When  the  sugar  content 
is  high,  therefore,  the  evaporation  should  not  be  carried  beyond  20  cc  To  this 
residue  add  200  cc  of  95  per  cent  alcohol  slowly  and  with  constant  stirring, 
and  allow  the  mixture  to  stand  overnight.  From  this  point  follow  the  method 
for  determination  of  alcohol  precipitate  under  "  XII.  Fruits  and  fruit  products." 
page  80,  Bulletin  107,  Revised. 

21.  Pentosans. — Follow  the  method  as  given  under  "  VI.  General  methods," 
page  54,  Bulletin  107,  Revised.  To  100  cc  of  vinegar  add  43  cc  of  hydrochloric 
acid  (specific  gravity  1.19),  and  then  distil  exactly  according  to  directions  given. 

22.  Heavy  metals.— Insert  "23.  Heavy  metals,"  Bulletin  107,  Revised,  page 
105. 

23.  Detection  of  preservatives. — Insert  "  24.  Detection  of  preservatives,"  Bul- 
letin 107,  Revised,  page  105. 


REPORT  ON  FLAVORINO  EXTRACTS. 

By  R.  S.  HiLTNEB,  Associate  Referee. 
Plan  op  Work. 

The  plan  for  cooperative  work  on  this  subject  for  this  year  was  based  largely 
on  the  recommendations  made  by  the  referee  and  adopted  by  the  association 
at  the  last  meeting.  These  recommendations  called  for  the  study  of  the  method 
of  determining  vanillin,  coumarin,  and  normal  lead  number  in  one  weighed 
portion,  as  proposed  by  Winton,  Lott,  and  Berry,  and  the  investigation  of  the 
Woodman-Newhall  test  for  caramel  in  vanilla  extracts;  the  study  of  the  La 
Wall-Nelson  tests  for  capsicum  in  ginger  extracts  and  of  the  methods  for  the 
examination  of  nutmeg  and  wlntergreen  extracts. 

In  addition  to  these  investigations  that  were  recommended,  it  was  thought 
Advisable  to  study  some  of  the  more  promising  methods,  bearing  directly  on 
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these  subjects,  that  have  been  published  recently.  These  methods  comprised, 
firsi,  a  test  for  caramel  in  yanlUa  extracts,  using  the  method  described  by 
Tolman  (Bui.  132,  p.  90)  to  determine  per  cent  of  color  insoluble  in  amyl 
alcohol  (Marsh  reagent) ;  second,  Deni8*s  method  for  the  detection  of  prune 
juice  and  sherry  residues  in  vanilla  extracts ;  ^  third,  Mitcheirs  modification  of 
the  Seeker  test  for  ginger  in  alcoholic  solutions  (sec  p.  137) ;  fourth,  Howard's 
modified  general  method  for  the  determination  of  essential  oils  in  alcoholic 
solutions '  applied  to  nutmeg,  wintergreen,  and  peppermint  extracts. 

An  effort  was  made  to  prepare  the  samples  in  such  a  manner  that  the  relia- 
bility of  each  of  the  methods,  under  varying  conditions,  could  be  ascertained. 
Sets  of  samples,  with  descriptions  of  the  methods  to  be  employed,  were  sent  to 
the  15  members  of  the  association  who  had  offered  to  collaborate.  More  or 
less  complete  reports  were  received  from  the  following  chemists : 

1.  E.  H.  Berry,  Chicago. 

2.  B.  Bloomberg,  Galveston. 

8.  O.  S.  Brinton,  Philadelphia. 

4.  Ourtney  Conover,  Pittsburgh. 

5.  Fred  F.  Flanders,  Boston. 

6.  E.  H.  Grant,  New  Orleans. 

7.  A.  W.  Hanson,  Kansas  City. 

8.  A«  M.  Henry,  Florida  State  Agricultural  Department 

9.  M.  B.  Kennedy,  University  of  Nevada,  Reno. 

10.  F.  W.  Liepsner,  Kansas  City. 

11.  Byron  McClelland,  New  York. 

12.  E.  L.  P.  Treuthardt,  Washington. 

13.  Burton  B.  Wilcox,  New  York. 

14.  C.  O.  Dodge,  Washington,  D.  C. 
16.  R.  S.  Hiltner,  Daiver,  Colo. 

To  these  chemists  the  associate  referee  desires  to  acknowledge  his  ind^t- 
edness  for  the  data  furnished  and  the  interest  manifested ;  also  to  A.  L.  Winton 
for  valuable  assistance  and  for  the  complete  report  from  his  laboratory.  The 
names  of  the  analysts  have  been  arranged  in  alphabetical  order  and  numbered 
accordingly.  To  simplify  the  pres^itation  of  the  data  in  tabular  form,  thp 
analysts  will  be  referred  to  by  number  rather  than  by  name. 

Vanilla  Extracts. 

Collaborators  were  asked  to  use  the  following  methods  in  examining  the  seven 
samples  that  were  furnished : 

METHODS   FOB  EXAMINATION   OP  VANILLA   EXTRACTS. 

Determinations  are  to  be  made  in  one  weighed  portion  of  sample. 

Special  reagents. — Distilled  water,  boiled  until  free  from  carbon  dioxid. 

Standard  lead  acetate  solution,  80  grams  of  C.  P.  crystallized  lead  acetate 
dissolved  in  water  and  made  up  to  1  liter. 

Ammonium  hydroxid  solution,  containing  approximately  2  per  cent  of  am- 
monia. 

Hydrochloric  acid  solution,  containing  approximately  10  per  cent  of  hydro- 
chloric acid. 

(a)  VaniUin  and  coumarin, 

(See  Wlnton's  paper,  p.  147.) 

1  J.  Ind.  Eng.  Cliem.,  1911,  tt  264.  >J.  Ind.  Eng.  Cliem.,  1911,  8t  252. 
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ih)  Iformal  lead  wumber. 

(See  Wlnton'8  paper,  p.  14&) 

(c)  Residual  color  after  precipitation  with  lead  acetate, 

(See  Wlnton's  paper,  p.  148.) 

id)  CarameL 

Test  each  sample  for  caramel  by  the  Woodman  and  Newhall  method.  (See 
Clr.  66,  p.  19.) 

(e)  Color  insoluble  in  amyl  oIooTmI. 

(See  Winton's  paper,  p.  149.) 

(/)  Prune  ewtract. 

Examine  the  samples  for  prune  Juice  as  directed  by  Denis  (J.  Ind.  Eng. 
Ghem.,  1911,  3 :  254).    Report  results  as  positive  or  negative. 

In  each  case  express  an  opinion  as  to  whether  the  sample  is  a  genuine  stand- 
ard vanilla  extract  U.  S.  P.  In  samples  that  are  found  not  standard  state  the 
nature  of  the  adulterant  indicated. 

DESCKIFTIOIT  OF  SAMPLB8. 

The  following  is  a  description  of  the  samples  that  were  prepared : 

No.  1.  Pure  vanilla  extract  made  according  to  the  U.  S.  Pharmacopoeia 
formula,  from  Bourbon,  Seychelles,  Ck>mores,  and  Mexican  beans  (extract 
made  at  the  U.  S.  Food  and  Drug  Inspection  Laboratory,  CJhicago). 

No.  2.  Vanilla  extract  (Mexican  and  Tahiti  beans)  adulterated  with  extract 
of  dried  prunes,  synthetic  vanillin,  and  colored  with  caramel. 

No.  8.  Pure  vanilla  extract,  made  according  to  the  U.  S.  P.  formula  from  a 
good  grade  of  Mexican  beans. 

No.  4.  A  wholly  factitious  product,  containing  25  per  cent  tonka-bean  extract 
(10  per  cent  tonka  beans,  20  per  cent  sugar,  70  per  cent  diluted  alcohol)  and 
75  per  cent  of  extract  of  dried  prunes,  to  which  was  added  enough  synthetic 
vanillin  to  amount  to  0.15  per  cent  in  the  finished  product  (Caramel  was  used 
to  give  the  desired  color. 

No.  5.  Pure  vanilla  extract,  made  according  to  the  U.  S.  P.  formula  from 
a  rather  inferior  grade  of  Tahiti  beans. 

No.  6.  Contained  about  40  per  cent  Tahiti-bean  extract  (No.  5)  adulterated 
with  synthetic  vanillin  so  as*  to  yield  0.17  per  cent,  and  with  other  material  to 
imitate  genuine  vanilla  extract    Caramel  was  used  for  color. 

No.  7.  Commercial  vanilla  extract  made  in  Denver  and  warranted  by  the 
manufacturer  to  be  pure  and  according  to  U.  S.  standard,  from  Mexican  beans 
34  per  cent,  Bourbon  60  per  cent,  and  Tahiti  6  per  cent 

In  preparing  the  factitious  samples  Nos.  2  and  6  an  effort  was  made  to  imitate 
genuine  vanilla  extracts  in  the  matter  of  color,  vanillin  content  lead  number, 
and  also  to  approximate  the  odor  and  flavor  of  the*  natural  product  Sherry 
residues  were  not  added  to  any  of  the  samples.  It  seems  inadvisable  to  make 
public  the  exact  formul®  used.  Members  of  the  association  who  may  be  inter- 
ested in  the  matter  may,  of  course,  secure  the  information  by  correspondence. 

AlTALTTICAL  ReSUI/TS. 

The  results  as  reported  are  given  in  Table  1. 
33547'*— BulL  152—12 9 
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Winton  has  observed  that  in  vanilla  extracts  tbe  determination  of  the  per- 
centages of  colors  (red  and  yellow)  of  the  original  extract  remaining  In  the 
filtrate  after  precipitation  with  lead  acetate  affords  valuable  Information  for 
distinguishing  genuine  extracts  from  artificially  colored  and  otherwise  adulter- 
ated products.  The  results  reported  by  three  analysts  are  given  in  Table  1. 
Further  studies  have  shown  Winton  that  the  ratio  of  red  to  yellow  In  the 
extract  and  In  the  filtrate  furnishes  a  still  better  criterion.  The  amounts  of 
red  and  yellow  that  comprise  the  composite  color  of  the  solution  may  be  deter- 
mined quite  exactly  with  a  Lovibond  tintometer,  using  the  standard  color 
glasses.  Although  It  was  requested  that  this  method  be  tried,  only  three  analysts 
reported  on  the  subject  It  seems  that  very  few  of  the  laboratories  are  equipped 
with  the  necessary  apparatus,  particularly  with  complete  sets  of  the  standard 
color  glasses.    In  Table  2  are  recorded  the  results  of  the  tests  of  this  method : 


Table  2. — Comparison  of  color  of  vanilla  extracts  and  filtrates. 


Analyst  and  sample  numbers. 


Ck)lor  value. 

Ratio  of  red  to  yellow. 

Original 

extract. 

Lead  acetate  filtrate. 

Red. 

Yellow. 

Red. 

YeUow. 

Extract. 

FUtrate. 

35 

ao 

85 

100 
113 
113 

1.4 
1.1 
1.4 

6.9 
7.0 
6.2 

1:2.9 
1:3.8 
1:3.2 

1:4.9 
1:6.6 
1:4.4 

50 
46 
48 

125 
170 
123 

4.8 
5.8 
4.4 

17.6 
82.0 
20.0 

1:2.5 
1-.3.7 
1:2.5 

1:8.7 
1:6.0 
1:4.6 

38 
29 

68 

113 
123 
268 

1.4 
1.5 
2.4 

7.0 
8.3 
12.4 

1:3.0 
1:4.2 
1:4.4 

1:5.0 
1:6.6 
I'JiA 

43 
81 
30 

85 
83 
89 

8.4 
7.9 
8.6 

30.2 
30.0 
38.4 

1:2.0 
1:2.7 
1A3 

1:3.6 
1:4.9 
1:4.4 

40 
28 
37 

110 
122 
125 

1.4 
1.2 
1.5 

7.0 
7.0 
7.2 

1:2.8 
1:4.8 
1:3.4 

1:5.0 
l-.5,8 
1:4.8 

33 
29 
33 

85 
90 

85 

5.0 
4.3 
4.6 

17.2 
22.0 
18.8 

1:2.6 
ld.l 
1:2.6 

1:3.4 
1:5.1 
1:4.0 

48 
40 

48 

133 
182 
160 

1.6 
1.1 
1.3 

7.2 
5.8 
7.0 

1:2.8 
1:4.5 
1:3.2 

1:4.6 
1:5.8 
1:5.4 

Sample  1. 

1 

14 

15 

Sample  i. 

1 

14 

15 

Sample  S. 

1 

14 

15 

Sample  4. 

1 

14 

15 

Sample  6. 

1 

14 

I« 

Sample  6. 

1 

14 

15 

Sample  7. 

1 

14 

15 


As  no  inch  or  halMnch  cell  was  available  a  50  mm  polariscope  tube  was  used, 
gave  too  much  color.     Readings  were  reduced  to  1-lnch  cell. 


This 


ABSTBAOT  OF  COMMENTS  OF  ANALYSTS. 


E.  H,  Berry:  The  Woodman-Newhall  test  for  caramel  was  tried  on  three 
uncolored  authentic  samples  of  vanilla  and  gave  positive  results  on  all.  In 
official  samples  1,  8,  and  5,  the  Denis  test  Indicated  sherry  residues.  An 
authentic  extract  made  from  Mexican  beans  gave  a  similar  result,  namely,  a 
small  amount  of  light-colored  precipitate  Insoluble  In  acetic  acid.  Pure  ex- 
tracts of  Bourbon  and  Tahiti  beans  gave  lead  precipitates  which  dissolved 
almost  completely  in  the  dilute  acetic  acid  reagoit 
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A,  L.  Winton:  Samples  1,  3,  and  5  appear  to  be  straight  Tanllla  extract, 
and  the  only  thing  that  leads  me  to  suspect  sample  No.  7  is  the  high  vanillin. 
It  may  be  true  vanilla  extract  to  which  vanillin  has  been  added,  although  I 
have  known  true  extracts  to  go  as  high  as  0.3  per  cent,  or  even,  in  very  excep- 
tional cases,  0.35  per  cent.  Samples  2  and  6  aiH)ear  to  contain  the  same  sub- 
stances with  the  exception  of  prune  Juice,  which  was  found  to  be  present  In 
2,  but  not  In  6.  The  other  constituents,  other  than  vanilla  extract,  are  evi- 
dently vanillin  solution  and  caramel,  although  the  evidence  of  added  vanillin 
is  not  absolutely  conclusive.  The  samples  might  be  straight  vanilla  extracts  of 
high  vanillin  content,  merely  diluted.  This  is  not,  however,  probable.  Sample 
No.  4,  in  addition  to  vanilla  extract,  contains  either  tonka  extract  or  coumarin 
solution,  caramel,  and  prune  juice.  In  reaching  these  conclusions  I  have  paid 
no  attention  to  Woodman  and  Newhall's  test,  which  we  have  not  found  valuable. 

The  Marsh  test  appears  to  corroborate  the  results  obtained  on  the  color 
values  of  the  extract  and  of  the  lead  filtrate  as  followed  by  us.  It  has  the 
advantage  of  direct  comparison  of  the  two  liquids  in  a  colorimeter,  thus  elimi- 
nating the  cumbersome  figures  for  red  and  yellow  required  in  the  other  process. 
On  the  other  hand,  it  has  the  disadvantage  that  another  portion  of  the  extract 
must  be  taken.  Both  methods  give  ambiguous  results  on  two  samples  of  ex- 
tract made  from  Ceylon  beans  In  this  laboratory.  These  results  appear  to  be 
abnormal.  In  fact,  the  results  in  color  value  and  Marsh  test  are  about  the 
same  as  for  your  sample  No.  2,  which  appears  to  contain  caramel.  These  two 
extracts  have  perplexed  us  quite  a  deal  and  I  have  about  reached  the  conclu- 
sion that  either  the  beans  have  been  extracted  (they  contain  only  0.07  per  cent 
vanillin)  and  soaked,  say,  in  caramel  solution,  or  else  they  represent  a  very 
abnormal  product,  comparable,  for  example,  with  cow's  milk  containing  only 
2  per  cent  of  fat 

E.  Bloomberg:  In  each  case  the  residue  was  obtained  for  coumarin,  but 
only  those  cases  in  which  a  qualitative  test  showed  its  presence  were  reported. 
The  prune  Juice  test  seems  Inconclusive.  In  every  case,  excepting  No.  6,  a 
residue  was  obtained  after  the  addition  of  acetic  acid.  In  Nos.  1  and  7  the 
residue  was  yellowish  and  granular.  In  No&  3  and  5  a  considerable  yellowish 
flocculent  residue  remained.  This  would  seem  to  indicate  the  presence  of 
sherry  wine  coloring. 

0,  S.  Brinton:  In  the  experience  of  this  laboratory  (Philadelphia)  we  do  not 
consider  the  modified  paraldehyde  test  for  caramel  entirely  satisfactory,  unless 
a  dark-brown  precipitate,  which  adheres  to  the  test  tube.  Is  obtained.  In 
samples  1,  2,  6,  and  7  small  amounts  of  brown  fiocculent  nonadherent  precipi- 
tate were  obtained,  and  in  all  four  of  these  samples  I  believe  that  caramel  is 
absent  The  Denis  test  for  prune  Juice  and  sherry  residue  has  been  found 
unreliable.  Four  pure  extracts  made  according  to  the  U.  S.  P.  formula  from 
Bourbon,  Mexican,  and  South  American  beans  and  Mexican  ''  cuts "  when  sub- 
jected to  this  test  gave  very  Inconsistent  results.  My  conclusions  as  to  the 
character  of  the  seven  official  samples  were  based  largely  on  the  results  of  the 
Woodman-Newhall  and  Denis  tests  and  must  be  considered  accordingly. 

Courtney  Conover:  Sample  No.  1  appears  to  be  a  genuine  vanilla  extract  The 
other  six  samples  seem  abnormal  in  certain  respects.  Nos.  2,  3,  4,  6,  and  7  re- 
spond positively  to  the  test  for  prune  extract.  No.  5  gave  a  somewhat  doubt- 
ful test  for  sherry  residue.  The  lead  numbers  of  samples  3,  5,  and  7  are  veiy 
high  and  apparently  confirm  the  results  of  the  Denis  test  The  reactions  for 
prune  extract,  to  an  Inexperienced  person,  would  not  be  very  definite.  The 
Woodman-Newhall  test  for  caramel  is  somewhat  unsatisfactory,  except  in  the 
presence  of  large  amounts.  The  improved  lead  subacetate  method  for  caramel, 
proposed  by  Albrech  and  Conover,  gave  positive  evidence  of  the  presence  of 
caramel  in  Nos.  2,  4,  and  6.  Nos.  1,  3,  and  5  appeared  to  be  abnormal  extracts, 
possibly  colored  with  a  very  small  amount  of  caramel  or  other  color.  No.  7 
seems  to  contain  no  caramel. 

E.  H.  Orant:  Results  indicate  that  No.  1  is  wholly  artificial,  colored  with 
caramel  and  sherry  residue.  Likewise  No.  4,  except  that  prune  extract  fe 
present  instead  of  sherry.  In  No.  5  the  excessively  high  lead  number  indicates 
the  addition  of  foreign  substances.  It  is  colored  with  prune  extract  No.  7 
is  probably  fortified  with  vanillin  and  colored  with  prune  extract 

F.  W.  Liepaner:  The  figures  reported  for  per  cent  vanillin  and  coumarin 
represent  the  weights  of  the  dried  but  unpurified  ether  extracts.  The  residues 
weighed  as  coumarin  were  not  tested  qualitatively  for  that  substance.  The 
results  therefore  must  be  Judged  accordingly. 

A.  M,  Henry  obtained  better  results  by  measuring  out  at  the  beginning  enough 
10  per  cent  hydrochloric  acid  into  the  separatory  funnels  to  neutralize  the 
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ammonlacal  solutions  of  vanillin.     This  gives  very  little  opportunity  for  the 
ammonia  to  attack  the  vanillin. 

if.  B,  Kennedy:  The  figures  reported  under  vanillin  and  eoumarln  represent 
the  unpurlfled,  dried  residues  from  the  ether  extractions.  Qualitative  tests  for 
eoumarln  were  not  made. 

DISCUSSION    BY    THE    BEFEBKE. 

For  the  determination  of  vanillin,  lead  number,  etc.,  I  would  recommend  that 
50  cc  of  the  sample  be  used  Instead  of  50  grams,  for  the  reason  that  the  United 
States  standard  for  vanilla  extract  requires  at  least  10  grams  of  vanilla  beans 
per  100  cc  and  because  the  U.  S.  P.  and  other  formulas  specify  a  certain  weight 
of' beans  for  unit  volume  of  menstruum.  Furthermore  the  specific  gravity  of 
solvents  used  In  commercial  extracts  varies  so  decidedly  that  It  would  seem 
advisable  to  measure  rather  than  weigh  the  sample  and  obtain  results  in  terms 
of  grams  per  100  cc,  and  thus  determine  more  directly  the  matter  of  conformity 
to  the  standard. 

To  insure  exact  aliquots  of  the  solution  for  determining  vanillin  and  eoumarln 
and  lead  number,  as  directed  In  paragraphs  (a)  and  (&),  It  would  seem  de- 
sirable to  specify  in  the  text  of  the  method,  first,  that  after  adding  lead  acetate 
the  solution  should  be  warmed  to  approximately  38**  and  made  up  to  the  mark 
with  watei*  at  the  same  temperature;  and,  second,  that  the  aliquot  portions  of 
the  filtrate  should  be  drawn  ofiT  while  the  solution  is  at  the  incubator  tempera- 
ture.   These  details  would  lead  to  uniformity  of  results. 

The  color  of  the  filtrates,  after  precipitation  with  lead  acetate,  by  the  Wlnton- 
Lott-Berry  method,  usually  gives  dependable  Information  as  to  the  character 
of  the  extracts.  In  genuine  products.  Irrespective  of  the  nature  of  the  solvent, 
the  color  of  the  filtrate  Is  light  straw  tint  and  will  seldom  exceed  10  units  of 
the  brewer's  scale,  as  gauged  in  a  1-inch  cell  of  a  Lovibond  tintometer.  £2xcept 
with  very  artfully  adulterated  samples  this  very  simple  test  will  suffice  to  dis- 
tinguish pure  extracts  from  those  artificially  colored,  especially  with  carameL 

It  seems  to  be  the  almost  universal  experience  of  analysts  that  residues  of 
vanillin  and  eoumarln,  resulting  from  the  evaporajtlon  of  ether  extracts,  are 
seldom,  if  ever,  pure,  but  are  contaminated  with  more  or  less  gummy  matter. 
Consequently  results  from  weighing  the  crude  product  are  usually  too  high.  The 
error  will  often  amount  to  0.04  per  cent  If  the  residues  are  extracted  with 
petroleum  ether  by  the  method  suggested  and  the  vanillin  and  eoumarln  thus 
purified,  the  results  are  frequently  too  low,  because  the  resinous  or  gummy 
matter,  being  insoluble  In  petroleum  ether,  often  prevents  complete  solution 
of  the  vanillin  and  eoumarln,  with  which  it  is  Intimately  mixed.  At  best, 
the  method  of  purification  as  prescribed,  especially  for  vanillin,  is  tedious  and 
exacting  and  requires  skillful  manipulation  to  prevent  loss.  The  results  re- 
ported for  No.  3  emphasize  the  difficulties  the  analysts  had  in  determining 
vanillin.  That  sample  jrielded  about  0.04  per  cent  of  gasoline-insoluble  matter  in 
the  crude  vanillin  residue.  To  offset  these  difficulties,  the  following  procedure 
is  suggested: 

Draw  off  the  ether  extract  of  vanillin  Into  a  dry  100-cc  beaker,  evaporate 
the  ether,  and  dry  the  residue  over  sulphuric  acid  as  usual ;  weigh  the  beaker 
and  contents  gross,  then  heat  in  an  oven  at  105'  C.  for  three  or  four  hours, 
or  until  constant  weight  is  attained.  Finally  cool  and  weigh.  Loss  in 
weight  indicates  vanillin.  Follow  the  same  plan  with  the  ether  extract 
of  eoumarln.  If  it  be  desired  to  determine  the  purity  of  the  vola- 
tile matter,  the  beaker  may  be  heated  cautiously,  first  on  a  hot  plate  and 
the  sublimate  condensed  on  a  cool  cover  glass  and  afterward  identified  by 
melting  points  and  qualitative  tests.     The  beaker  and  residue  should  then 
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be  placed  in  the  oven  to  complete  tbe  volatilization.  Vanillin  and  conmarin  ap- 
pear to  be  completely  volatile  at  105**,  and  the  gummy  matter  seems  not  to 
suffer  change  at  that  temperature.  From  various  Icinds  of  pure  vanilla  ex- 
tracts it  exhibits  uniformly  the  same  characteristics,  viz,  brown  color,  insolu- 
bility in  water  and  petroleum  ether,  ready  solubility  in  alcohol  and  In  alka- 
lis, and  slight  solubility  in  ether.  In  view  of  these  peculiarities  of  solubility,  it 
would  seem  to  be  advantageous  to  use  washed  ether  to  extract  the  vanillin 
and  coumarin  from  the  samples. 

Having  had  little  experience  with  the  Woodman-Newhall  test  for  caramel 
as  applied  to  vanilla  extracts,  I  was  unable  to  distinguish  clearly  between  the 
artificially  colored  and  pure  extracts  by  this  method.  Samples  3,  5,  and  7, 
containing  no  caramel,  gave  doubtful  results.  The  test  with  phenylhydrazin 
seems  entirely  unreliable. 

The  Denis  test  was  not  very  satisfactory.  It  responded  quite  positively 
with  the  samples  containing  prune  extract,  but  with  samples  containing  none  the 
results  were  not  strikingly  negative,  especially  with  No.  5,  which  was  pure 
extract  made  from  Tahiti  beana  This  gave  positive  reactions  for  prune 
Juice.  I  think  with  practice  the  analyst  would  be  able  to  use  this  method  to 
advantage  in  many  cases. 

CONCLUSIONS. 

The  results  as  received  from  the  collaborators  seem  to  warrant  the  follow- 
ing conclusions  with  reference  to  vanilla  extracts: 

(1)  That  the  Wlnton-Lott-Berry  method  can  be  fully  relied  upon  for  the 
determination  of  vanillin  and  coumarin  when  proper  precautions  are  taken  to 
purify  the  extracted  matter. 

(2)  That  the  lead  number  obtained  by  the  use  of  normal  or  neutral  lead  acetate 
gives  a  more  dependable  number  or  constant  than  by  sub-  or  baedc  acetate  of 
lead,  for  the  reason  assigned  by  the  authors  of  the  method. 

(3)  That  the  percentage  of  residual  color  (either  total  color  or  component 
yellow  and  red  tints)  In  the  lead  filtrates,  as  determined  by  the  Wlnton-Berry 
method,  gives  valuable  information  as  to  the  presence  or  absence  of  added  color 
in  vanilla  extracts.  The  principal  thing  now  lacking  is  a  schedule  of  limits 
for  this  percentage  of  color  In  pure  extracts  from  various  kinds  of  beans. 
This  also  applies  to  the  subject  of  normal  lead  number. 

(4)  That  the  Tolman  method  for  determining  color  insoluble  in  amyl  alcohol 
(Marsh  reagent)  also  gives  trustworthy  informa^cm  regarding  the  coloring 
matter  of  vanilla  extracta  Data  for  establishing  limiting  figures  are  needed 
here  also.  It  appears  possible  that  it  will  be  necessary  for  each  analyst  to 
prepare  his  own  standards  for  camparison.  The  *'  personal  equation  "  figures 
largely  in  these  methods  Involving  color  values  and  color  comparison. 

(5)  Tliat  the  Woodman-Newhall  test  for  caramel  in  vanilla  extracts  can  not 
be  relied  upon  for  positive  resulta  The  method  would  be  of  value  only  for 
confirmatory  tests  and  for  distinguishing  caramel  from  other  artificial  color- 
ing in  the  hands  of  those  who  have  had  considerable  exp^^ice  with  various 
grades  of  extracta 

(6)  Tliat  the  Denis  method  for  detecting  pnme  Juice  and  sherry  residue  in 
vanilla  extracts  is  likewise  unreliable.  Only  one  analyst  reported  correctly 
regarding  the  character  of  the  seven  samples  submitted,  and  he  has  had  much 
experience  lately  with  vanilla  extracta  The  results  of  the  Denis  test  were 
considered  in  connection  with  the  other  data.     This  fact  forces  the  conclusiim 

.  that  the  Denis  method  is  sound,  but  that  it  can  be  relied  upon  only  by  those 
who  keep  in  practice  and  have  had  considerable  experience. 
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GiNOEB    BXTRA0T8. 
METHODS  Ain)  SAMPLES. 

Four  samples  labeled  "  Ginger  extract "  were  forwarded  to  the  analysts,  with 
descriptions  of  the  methods  to  be  followed  in  testing  for  ginger  and  capsicum. 
The  methods  proposed  were —  / 

(a)  Test  each  sample  for  ginger  as  directed  in  Circular  66,  page  22.  Also 
try  Mitcheirs  modification  of  the  Seeker  test  as  follows: 

Evaporate  the  ether  extract  as  in  the  Seeker  method.  Add  to  the  residue  10 
or  12  drops  of  concentrated  sulphuric  acid  and  about  5  mg  of  vanillin.  Mix 
thoroughly  by  rubbing  with  a  glass  rod;  then  allow  a  f^w  drops  of  water  to 
flow  down  into  the  mixture  from  the  side  of  the  dish.  A  persist^it  dark  blue 
color  Indicates  ginger. 

R^)ort  results  as  positive  or  negative. 

(&)  Test  the  samples  for  capsicum  by  the  La  Wall-Nelson  method  (Circular 
66,  page  22),  observing  the  i»>ecaution8  suggested  by  Doyle  to  prevent  loss  of 
capsicum  by  volatilization,  namely,  render  the  sample  slightly  alkaline  with 
sodium  hydroxid  before  evaporating  the  alcohol  and  then  slightly  acidify  with 
sulphuric  acid  before  the  first  extraction  with  ether.  The  final  ether  extract 
of  the  saponified  solution  should  be  washed  with  water  until  neutral  to  litmus 
and  then  allowed  to  evaporate  spontaneously. 

Beport  results  as  positive  or  negative. 

It  was  especially  desired  to  learn  the  value  of  MltchelFs  modification  of 
Seeker's  test  for  ginger  and  to  determine  whether  the  details  suggested  by  Miss 
Doyle  would  render  more  sensitive  and  positive  the  La  Wall-Nelson  test  for 
capsicum. 

Sample  No.  1  was  pure  standard  ginger  extract,  made  according  to  the  U.  S. 
Pharmacopoeia  formula  for  tincture  of  ginger,  using  20  grams  of  powdered 
ginger  (Japan  and  Cochin)  per  100  cc. 

Sample  No.  2  ccmsisted  of  IT.  S.  P.  ginger  extract  (made  from  pulverized 
Japan  ginger),  50  per  cent;  tincture  of  capsicum  U.  S.  P.,  0.5  per  cent;  alcohol, 
49.5  per  cent;  colored  with  caramel. 

Sample  No.  3  was  also  adulterated.  It  contained  less  ginger  and  more  cap- 
sicum (2.5  times  as  much)  than  No.  2.  Sirup  and  caramel  were  added  to 
approximate  the  total  solids  and  color  of  standard  ginger  extract 

Sample  No.  4  contahied  no  ginger  extract  It  consisted  of  2.5  per  cent  U.  S.  P. 
tincture  of  capsicum,  mixed  with  sirup  and  caramel  to  approximate  the  total 
solids  and  color  of  standard  ginger  extract. 

ANALYTICAL  BESULTS. 

The  results  as  reported  by  the  analysts  are  given  in  Table  3. 

Table  3. — Cooperative  results  on  ginger  extracts. 


Ginger. 

Capslcom. 

Analyst  and  sample. 

Seeker 
method. 

HitcheU 
method. 

LaWall- 

Dqyle 
method. 

Nelson 
method. 

SampUl. 

Positive... 
...do 

Positive... 
...do 

Negative.. 

Negative. 

...do 

...do 

...do 

Do. 

...do 

...do 

...do 

Positive. 

...do 

...do 

..do 

...do 

...do 

...do 

Neeatlve. 

..  do  . 

.  do 

do 

...do 

do 

* 

11 

...do 

FositiTe... 
.    do 

...do 

do 

Do. 

12 

...do 

14 

...do 

...do 

..  do 

Do. 

16 

...do 

...do 

...do!..;;! 

Do. 
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Table  3. — Cooperative  results  on  ginger  extracts — Continued. 


Ginger. 

Capsicum. 

Analyst  and  sample. 

Seeker 
method. 

Mitchell 
method. 

^^X'        Nelson 

BampU  t. 
1 

Positive... 
...do 

PosiUve... 
...do 

Negative.. 
Positive... 
...do 

Negative. 

2 

3    • 

...do 

...do 

Positive. 

4 

...do 

...do 

Negative.. 
Positive... 
...do 

Negative. 

6 

...do 

...do 

7 

...do 

...do 

Do. 

8 

...do 

...do 

...do 

Do. 

9 

...do 

'Negative. . 
Positive... 
...do 

11 

...do 

Positive... 
. .  .do 

Positive. 

12 

...do 

14 

...do 

...do 

...do 

Positive... 
..do 

...do 

...do 

Positive... 
...do 

Do. 

15 

..do 

Do. 

SampUS. 
1 

PoeiUvB... 
.do 

Negative. 

2 

3 

...do 

...do 

...do 

Positive. 

4 

...do 

...do 

Negative. . 

Positive... 

..do 

...do 

Negative.. 

Positive... 
...do 

Negative. 

6 

...do 

...do 

7 

...do 

...do 

Positive. 

8 

...do 

...do 

Do. 

9 

...do 

11 

...do 

PosiUve... 
...do 

Do. 

12 

...do 

14 

...do 

...do 

...do 

Do. 

15 

...do 

...do 

...do 

Positive... 

...do 

...do 

Do. 

Sample  4. 
1 

NMatiTB.. 

N^Uv,.. 

Negative. 

2 

3 

...do 

...do 

PosiUve. 

4 

...do 

...do 

...do 

Negative. 

6 

...do 

...do 

...do 

7 

..do 

Positive... 
Negative.. 

...do 

...do 

Negative.. 

Positive... 

...do 

...do 

...do 

Positive. 

8 

...do 

Do. 

9 ...  . 

.do    ... 

11 

Doubtful.. 
NogaUve.. 
Doubtful.. 
Negative. . 

Positive... 
Negative.. 
Positive... 
Negative. 

Do. 

12 

14 

Do. 

15 

Do. 

ABSTBACTS  ^F  COMMENTS   OF  ANALYSTS. 

E,  Bloomberg:  By  using  Mltcheirs  method  for  ginger,  allowing  the  con- 
centrated sulphuric  acid,  after  mixing,  to  flow  onto  the  side  of  the  dish  and 
then  adding  a  few  drops  of  water  to  the  thin  layer  of  add  mixture,  the  blue 
color  appears  immediately. 

0,  8,  Brinton  found  that  the  Mitchell  test  gave  more  strikingly  positive 
results  than  the  original  Seeker  method  and  therefore  recommends  that  the 
modified  method  be  adopted  by  the  association.  He  regards  the  La  Wall-Doyle 
method  for  capsicum  as  more  reliable  than  the  Nelson  test 

0,  Oonover:  Seeker's  test  gave  better  color  reactions  than  Mitchell's  modi- 
fication. The  tests  for  capsicum  by  the  two  proposed  methods  were  inconsistent 
in  samples  1  and  4.  In  No.  4  the  La  Wall-Doyle  test  was  strcmgly  positive^, 
while,  by  the  Nelson  method,  capsicum  appeared  to  be  absent. 

E,  H,  Grant:  With  Mitchell's  method  I  found  it  advisable  to  mix  the  residue 
with  sulphuric  acid  and  vanillin  by  rotating  the  dish,  rather  than  by  rubbing 
with  a  glass  rod,  as  the  amount  of  extracted  matter  is  so  high  as  to  give  a  very 
dark  color  if  the  whole  of  the  residue  is  taken  up. 

M.  B.  Kennedy  tested  the  four  ginger  extract  samples  for  capsicum  by  the 
proposed  methods  but  obtained  no  positive  resulta 

Byron  McClelland:  The  Nelson  test  for  capsicum  appears  to  be  not  so  deci- 
sive as  the  La  Wall-Doyle. 

E.  L.  P.  Treuthardt:  The  Mitchell  test  for  ginger  gave  a  more  pronounced 
coloration  than  the  original  method.    Sample  4  gave  a  distinct  blue  color  with 


Digitized  by 


Google 


139 

tbe  former,  but  only  a  faint  violet  tint,  which  was  not  regarded  as  a  positive 
test,  with  the  Seeker  method.  For  the  detection  of  capsicum  the  use  of  man- 
ganese dioxid  more  effectually  decomposes  the  ginger,  but  it  lessens  the  delicacy 
of  the  test  for  capsicum.  The  Doyle  modification  of  La  Wall's  method  gives  a 
more  positive  indication  of  capsicum  than  does  the  Nelspn  test  In  every  case 
where  capsicum  was  reported  present,  there  was  a  distinct  "bite"  on  the 
tongue  surely  due  to  capsicum.  In  all  the  samples  there  was  sufficient  ginger 
left  in  the  capsicum  residue  to  give  a  positive  test  by  the  Seeker-Mitchell 
method.  The  samples  were  evidently  made  up  as  follows:  No.  1,  straight 
ginger  extract ;  No.  2,  ginger  extract  with  trace  of  capsicum  and  containing  less 
ginger  than  No.  1 ;  No.  3,  weak  ginger  extract  with  slight  amount  of  capsicum ; 
No.  4,  trace  of  ginger  and  much  capsicum. 

C,  O,  Dodge  considers  the  color  developed  by  the  Seeker  test  for  ginger  to  be 
better  described  as  purple  and  regards  the  Mitchell  modification  as  more  sensi- 
tive than  the  original  method. 

DISCUSSION   BY  BEFEBEE. 

I  regard  Mitchell's  test  for  ginger  as  a  little  more  sensitive  but  not  so  reliable 
as. the  Seeker  method.  Ether  extracts  of  certain  other  spices  were  found  to 
give,  by  the  former  method,  color  reactions  (shades  of  blue  and  purple)  that 
might  be  easily  confused  with  the  color  due  to  ginger.  For  example,  sample 
No.  4,  which  contained  no  ginger,  gave  a  doubtfully  positive  test  with  con- 
centrated acid,  but  a  distinctly  negative  result  with  more  dilute  acid  (Seeker 
method).  Other  analysts  experienced  the  same  difficulty  in  Judging  this 
sample.  (See  Table  3.)  I  observed  that  the  purplish  color  developed  in  No.  4 
by  the  Mitchell  test  was  very  fugitive,  and  in  this  respect  could  be  clearly 
distinguished  from  reactions  of  ginger. 

As  a  general  rule  the  odor  of  the  san4)le,  especially  after  the  alcohol  has 
evaporated,  is  sufficient  proof  of  the  presence  or  absence  of  ginger. 

The  details  of  the  test  for  capsicum,  as  proposed  by  Doyle,  greatly  Improve 
the  La  Wall  method.  The  test  may  be  made  a  little  more  sensitive  by  allowing 
the  final  ether  extract  to  drip  slowly  from  the  separatory  funnel  Into  a  small 
watch  glass  and  regulating  the  flow  in  accord  with  the  evaporation,  so  as  to 
bave  only  a  few  drops  of  liquid  in  the  dish  at  a  time,  thus  restricting  the 
residue  to  a  small  area.  Determine  taste  by  holding  the  residue  in  the  watch 
glass  against  the  tip  of  the  tongue  for  about  a  half  minute.  A  hot,  stinging 
sensation  distinguishes  capsicum  and  is  not  easily  confused  with  the  mild, 
warm  taste  due  to  traces  of  ginger. 

My  experience  was  in  accord  with  Mr.  Treuthardt's  with  samples  1,  2,  and  3, 
namely,  that  the  residue  to  be  tasted  for  capsicum  (La  Wall-Doyle  test)  gave 
positive  test  for  ginger  by  the  Seeker  method,  indicating  that  conclusions  as  to 
traces  of  capsicum  must  not  be  hastily  drawn. 

Nelson's  modification  proved  unsatisfactory. 

Nutmeg  Extbacts. 

The  reliability  of  two  methods  for  determining  the  percentage  of  oil  of  nut- 
meg in  alcoholic  solution  was  tested  this  year:  (A)  The  A.  O.  A.  C.  method  for 
lemon  oil  in  extracts,  as  given  in  Bulletin  107,  Revised,  page  160.  Since  oil 
*of  nutmeg  appears  to  be  insoluble  in  dilute  alcohol,  and  since  It  is  of  lower 
specific  gravity  than  water,  this  method  seemed  to  be  directly  ai>pllcable. 
(B)  Howard's  method  as  published  in  J.  Ind.  Bng.  Chem.,  1911,  8:252.  Fol- 
lowing is  an  outline  of  the  method : 

Mix  20  cc  of  the  sample  in  a  separatory  funnel  with  50  cc  of  water  and  2 
drops  of  hydrochloric  acid.  Extract  the  separated  oil  with  three  portions  of 
ether  and  transfer  the  extract,  after  washing  once  with  water,  to  a  Babcock 
milk  flask.    Rapidly  evaporate  the  ether  by  immersing  the  flask,  previously 
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connected  to  an  exhanst  pump,  in  hot  water,  shaking  at  first  gently  and  then  vio- 
lently. Finally,  float  the  residual  oil  on  cold  water,  whirl  in  a  centrifuge,  and 
measure.  It  was  suggested  that  a  thermometer  of  small  diameter  be  inserted 
in  the  neck  of  the  Bal)Cock  flask  when  expelling  the  ether  to  control  the  evap- 
oration and  prevent  loss  of  oil.  A  sharp  rise  of  temperature  indicates  complete 
expulsion  of  ether  vapor.* 

Two  samples  were  forwarded  to  each  analyst.     Sample  No.  1  contained  1.5 
per  cent  and  No.  2,  2.5  per  cent  by  volume  of  oil  of  nutmeg. 
In  Table  4  are  given  the  results  as  reported : 

Table  4. — Cooperative  results  in  nutmeg  oil  in  nutmeg  extracts. 


Sample  No.  1. 

Sample  No.  2. 

Analyst. 

Method  A. 

Method  B. 

Method  A. 

Method  B. 

PercetU. 

Percent. 

Percent, 

Percent. 

1 

0.7 

0.8 

1.8 

2 

.6 

1.1 

1.4 

2.1 

3 

1.0 

1.9 

12.9 

4 

.6 

.8 

2.0 

6 

.7 

1.0 

1.7 

1.8 

7 

.8 

.7 

1.6 

8 

.0 

1.8 

1.6 

12 

1.0 

1.4 

2.0 

2.6 

IS 

1.1 

1.6 

2.0 

2.6 

14 
15 

1.3 
.8 

1.0 

1.8 

1.6 

Three  detennliiatioiis  reported,  namely,  3.95, 2.90,  and  2.85. 
ABSTRACTS  OF  COMMENTS  OF  ANALYSTS. 

E.  Bloomberg:  Method  A  gives  low  results.  An  attempt  was  made  to 
separate  more  of  the  oil  by  cooling  the  precipitated  oil  and  Xh&a  centrlfuging. 
In  this  way  No.  1  gave  1  per  cent  of  oil  and  No.  2,  1.7  per  cent  The  precipi- 
tated oil  was  allowed  to  remain  overnight  at  room  temperature  in  the  flask, 
securely  corked'  and  then  centrifuged.  This  method  gave  1.0  per  cent  for 
No.  1  and  1.9  per  cent  for  No.  2.  Howard's  method  seems  to  offer  several 
chances  for  loss  of  oil,  owing  to  the  solubility  of  the  oil  in  the  dilute  alcohol, 
and  also  to  the  solubility  of  ether  in  the  dilute  alcohol,  which,  doubtless,  carries 
some  oil  with  it. 

C  Conover:  The  use  of  a  thermometer  to  control  the  evaporation  in  the 
Howard  method  seems  unnecessary,  the  rise  of  temperature  being  immediately 
noticeable  by  the  warming  up  of  the  Babcock  bottle  in  the  hand. 

B.  B.  WUcow:  Results  by  Method  A  are  too  low,  because  of  the  solubility  of 
the  oil  in  dilute  alcohol.  By  using  10  cc  of  the  extract  instead  of  20  cc  this 
difficulty  was  in  some  measure  removed.  The  effect  of  the  error  in  reading  is, 
of  course,  doubled.  It  seems  probable  that  by  using  a  Babcock  bottle  of  100 
cc  or  more  capacity,  and  using  20  cc  of  the  sample,  results  of  some  accuracy 
could  be  obtained.  Repeated  tests  of  Howard's  methods  with  extracts  of  known 
strengths  failed  to  give  the  true  amounts  of  oil  or  concordant  results.  The 
difficulty  seemed  to  be  in  some  cases  that  the  ether  was  not  completely  removed 
and  in  others  that  some  oil  was  volatilized, 

E.  L,  P.  Treuthardt:  In  methods  such  as  these,  where  the  volume  of  the 
separated  oil  is  measured,  it  is  important  that  points  at  which  the  colunm  of 
oil  is  to  be  read  should  be  clearly  stated.  My  experience  indicates  that  the 
extreme  points  should  always  be  the  ones  noted.  • 

C.  O.  Dodge:  The  alcohol  of  these  samples  is  very  much  stronger  than  is 
necessary  to  hold  the  oil  in  solution.  Method  A  could  be  applied  only  after  a 
preliminary  dilution  and  the  multiplication  of  errors  renders  the  results 
valueless. 

befebee's  discussion  and  conclusions. 

I  was  unable  to  obtain  either  accurate  or  concordant  results  with  the  methods 
proposed  or,  in  fact,  with  any  modifications  that  suggested  themselves.    The 

^Method  offered  by  C.  O.  Dodge,  Bureau  of  Chemistry,  Washington,  D.  C. 
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principal  difficulty  experienced  with  the  Howard  method  was  that  part  of  the 
extracted  oil,  after  evaporating  the  ether,  collected  in  small  globules  on  the 
walls  of  the  bottles  and  resisted  every  effort  to  dislodge  them  by  mechanical 
means.    My  observations  accord  exactly  with  those  noted  by  Mr.  Wilcox. 

Considering  the  results  and  comments  of  the  11  analysts  who  reported  on 
these  samples,  it  is  apparent  that  the  methods  tried  this  year  for  determining 
oil  of  nutmeg  in  alcoholic  solutions  are  of  no  value.  Moreover,  it  appears  that 
simple  modifications  of  the  methods  fail  to  give  reliable  results.  No  analyst 
reported  correctly  the  amount  of  oil  present  The  difficulty  with  Howard's 
method,  as  Mr.  Wilcox  states^  seems  to  be  that  either  the  oil  is  partly  volatilized 
giving  low  results  or  the  ether  is  not  completely  removed  giving  high  result& 

As  noted  by  Mr.  Dodge,  the  alcohol  used  in  preparing  the  samples  of  nutmeg, 
wintergreen,  and  peppermint  extracts  was  of  unnecessarily  high  proof.  This 
strong  alcohol  was  used  for  the  purpose  of  testing  the  reliability  of  the  method 
under  extreme  conditions. 

WiNTEBOBEEN  EXTRACTS. 
METHODS  AND  ANALYTICAL  BE8X7LT8. 

Three  methods  were  prox)osed  for  determining  the  percentage  of  oil  of  winter- 
green  in  alcoholic  solutions: 

(A)  Howard's  method,  (J.  Ind.  Eng.  Chem.,  1911,  3:  p.  252),  using  cold 
sulphuric  acid  (1:2)  for  the  floating  medium.  This  method  is  the  same  as  for 
oil  in  nutmeg  extracts,  as  described  above,  except  that  dilute  sulphuric  acid  is 
used  to  float  the  oil  owing  to  the  high  specific  gravity  of  oil  of  wintergreen. 

(B)  A  modification  of  Hortvet  and  West's  method. 

Method  B, — ^Pipette  60  cc  of  the  sample  into  a  separatory  funnel,  add  6  drops 
concentrated  hydrochloric  acid  and  125  cc  cold  water.  Shake  out  with  three 
portions  of  ether,  30  cc,  20  cc,  and  10  cc,  respectively ;  wash  with  ether-saturated 
water  as  directed  by  Howard  (supra) ;  then  transfer  the  ether  extract  to  a  Hort- 
vet tube  (as  used  for  lead  precipitate  in  maple  products).  Evaporate  the  bulk 
of  the  ether  by  aspirating  cold  through  a  two-hole  cork,  using  one  hole  for  a 
vent.  Immerse  the  tube  in  boiling  water  and  proceed  according  to  Howard's 
method  until  the  ether  is  eliminated.  Finally  add  15  cc  hot  water,  centrifuge 
and  measure  the  oil  at  room  temperature. 

This  is  a  modification  of  Hortvet  and  West's  method  ^  as  regards  the  appa- 
ratus used.  It  appeared  feasible  to  use  in  this  way  the  well-known  Hortvet 
(lead  precipitate)  tubes,  and  thus  obviate  the  necessity  of  special  apparatus. 

(C)  Hortvet  and  West's  method  of  saponifying  the  oil  and  weighing  as 
salicylic  acid.  (J.  Ind.  Eng.  Chem.,  1900,  1:90.)  The  foUowhig  is  an  abstract 
of  this  method: 

Mix  10  cc  of  the  extract  with  10  cc  of  potassium  hydroxid  solution  (10 
per  cent).  Heat  on  the  steam  bath  until  the  volume  is  reduced  about  one-half. 
Add  a  distinct  excess  of  dilute  hydrochloric  acid ;  cool  and  extract  with  three 
portions  of  ether,  40  cc,  30  cc,  and  20  cc,  respectively.  Filter  the  extract 
through  a  dry  filter  into  a  weighed  dish,  wash  with  10  cc  ether  and  allow  to 
evaporate  spontaneously.  Dry  over  sulphuric  acid  in  a  desiccator,  weigh,  and 
calculate  by  the  formula :  Weight  salicylic  acid  X  9.33  =  per  cent  oil  of  winter- 
green by  volume. 

Two  samples  were  prepared.  Sample  No.  1  contained  2.5  per  cent,  and  No.  2, 
8.0  per  cent  of  oil  of  wintergreen  (natural)  dissolved  in  95  per  cent  alcohoL 
The  results  are  given  in  Table  5. 

»  J.  Ind.  Eng.  Chem.  1900,  1 :  00. 
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Table  5. — Cooperative  retuUg  onoU  of  wintergreen  <n  wintergreen  extracts. 


Analyst. 

Sample  No.  1. 

Sample  No.  2. 

Method  A. 

Method  B. 

Method  C. 

Method  A. 

Method  B. 

Method  C. 

12 
13 
14 
15 

Percent, 
2.5 
2.9 
12.9 
2.8 
3.8 
2.5 
2.4 
2.8 
2.6 

Percent, 
2.6 
3.0 

Percent, 
2.48 

Percent. 
3.2 
8.4 
14.2 
2.7 
8.7 
8.0 
8.1 
5.4 
8.1 

Percent. 
3.2 
3.3 

Percent. 
2.96 

2.6 
8.6 

2.50 
2.53 
2.47 
2.39 

8.2 
3.8 

3.00 
2.97 
2.96 
2.96 

2.5 
2.2 
2.6 

8.2 
8.0 
8.1 

3.50 
2.64 
2.49 
2.46 

4.20 
3.24 
2.99 
2.96 

2.5 
2.5 

i*2** 

3.0 
3.0 

2.8 

'  Analyst  No.  3  reported  sample  No.  1 , 2.85  and  6.25  and  sample  No.  2, 4.2  and  5.2. 
ABSTRACTS    OF    COMMENTS    OF    ANALYSTS. 

B,  H.  Berry:  In  Method  B  It  was  very  difficult  to  remove  all  the  ether. 
0.  Conover  considers  Method  O,  by  saponification,  to  he  very  satisfactory. 

B.  B,  Wilcox:  The  observations  concerning  Howard's  method  for  nutmeg  oil 
apply  also  to  the  determinations  of  oil  of  wintergreen  and  peppermint 
Method  B  being  similar  to  Howard's  method  was  not  tried. 

C.  O,  Dodge:  In  Method  B  the  evaporation  from  the  Hortvet  tube  Is  ex- 
tremely difficult  owing  to  spurting.  With  Method  C,  I  found  that  drying  one 
hour  in  a  desiccator,  as  specified,  was  not  sufficient  with  the  large  amoant 
of  salicylic  acid  present. 

R.  8.  Hiltner:  Methods  A  and  C  proved  very  satisfactory  in  every  particular. 
With  Method  A  loss  of  oil  by  volatilization  does  not  occur.  Method  B  seems  to 
have  no  special  merit 

CONCLUSIONS. 

For  determining  oil  of  wintergreen  in  alcoholic  solutions,  both  the  Howard 
method  of  extracting  with  ether  and  fioating  the  extracted  oil  on  dilute  sulphuric 
acid  and  the  Hortvet- West  method  of  saponification  of  the  oil  and  weighing  as 
salicylic  acid,  gave  satisfactory  results,  except  in  two  or  three  cases.  It  would 
seem  advisable  to  have  both  methods  adopted  by  the  association  for  counter- 
checking  results.  Method  B  failed  to  give  accurate  results  and,  having  no  spe- 
cial points  of  merit  need  not  be  further  considered  by  the  association. 

Peppkbmint  Extracts. 

methods  and  results. 

Cooperation  was  asked  on  two  methods  for  the  determination  of  oil  of  pep- 
permint in  alcoholic  solutions:  ' 

(A)  The  same  procedure  as  for  lemon  oil  in  lemon  extract  as  given  in  Bulle- 
tin 107,  Revised,  page  160. 

(B)  Howard's  method  (J.  Ind.  Eng.  Chem.,  1911,  3:  p.  252)  observing  the 
precaution  suggested  by  Dodge  to  prevent  evaporation  of  the  oil,  and  using  salt 
solution  instead  of  cold  water  to  float  the  oiL  This  method  is  the  same  as  for 
nutmeg  extracts  (see  p.  139),  and  appeared  to  be  the  most  promising  of  any 
that  had  been  proposed.  It  is  a  slight  modification  by  the  author  of  the  original 
method,  which  the  association  adopted  provisionally  last  year.  The  use  of 
chloroform  is  omitted. 
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Two  samples  of  peppermint  extract  were  sent  to  the  analysta  Sample  No.  1 
contained  2.5  per  cent  and  sample  No.  2,  8.25  per  cent  by  volume  of  oil  of  pep- 
permint (American),  dissolved  in  alcohoL  The  results  as  reported  are  given  in 
Table  a 

Table  6. — Cooperative  results  on  oil  of  peppernUnt  in  peppermint  extracts. 


Analyst. 

Sample  No.  1. 

Sample  No.  2. 

Method  A. 

Method  B. 

Method  A. 

Methods. 

1 
2 
3 
4 
5 
7 
8 
12 
13 
14 
15 

Percent. 
0.5 

.8 

2.1 

Percent^ 
2.4 
3.4 
3.5 
2.5 
7.1 
2.4 
2.4 
2.6 
2.0 
3.1 
2.4 

Percent. 

0.8 

1.1 

1.6 

.9 

.8 

1.2 

.9 

1.2 

1.1 

Percent. 
3.4 
4.9 
5.1 
3.8 
6.8 
3.2 

3.7 
2.7 

1.6 

3.0 

ABSTRACTS  OF   COMMENTS  OF  ANALYSTS. 

E,  E,  Berry:  Method  A  has  been  goierally  recognized  as  valueless  for  use 
with  peppermint  extracts.    The  oil  does  not  all  precipitate. 

E,  Bloomberg:  My  comments  on  the  methods  for  nutmeg  apply  with  even 
greater  force  to  the  determination  of  oil  of  peppermint,  because  it  is  more  solu- 
ble in  dilute  alcohol  than  oil  of  nutmeg.  The  same  variations  were  tried  with 
peppermint  On  cooling  and  centrlfuging  No.  1  gave  1.4  and  No.  2,  2.2  per 
cent  On  allowing  to  stand  overnight  No.  1  gave  1.5  and  No.  2,  2.6  per  cent 
of  oil. 

E,  n.  Grant:  Results  on  peppermint  extract  were  very  unsatisfactory.  The 
exact  difficulty  is  not  apparent  With  the  association  method  the  oil  seemed  to 
be  quite  soluble  in  the  diluted  sample.  No.  1  yielded  2.9  per  cent  oil  by 
Howard*s  method. 

B,  B,  Wilcox:  By  using  10  cc  of  the  sample  instead  of  22  cc  In  Method  A,  I 
obtained  2  and  2.7  per  cent  of  oil,  respectively,  in  Nos.  1  and  2. 

CONCLUSIONS. 

The  methods  tried  this  year  for  the  determination  of  oil  of  peppermint  are 
not  to  be  relied  upon.  The  precipitation  method,  corresponding  to  the  associa- 
tion method  for  lemon  oil,  proved  utterly  worthlesa  Howard's  method  gave 
better  results,  but  was  f^r  from  satisfactory.  A  comparison  of  the  percentages 
of  oil  present  in  the  samples  with  the  amounts  reported  in  Table  6  will  show 
how  unreliable  the  methods  proved. 


Recom  mendations. 

Summing  up  the  work  of  the  year,  it  appears  that  considerable  progress  has 
been  made.  The  methods  now  at  hand  will  enable  the  analyst  to  distinguish 
with  certainty  pure  vanilla  extracts  It  may  not  be  possible  in  every  case  to 
determine  the  exact  composition  of  a  factitious  sample,  but  it  will  be  feasible 
to  report  positively  that  such  samples  are  adulterated. 

Almost  as  much  may  be  said  of  the  methods  for  ginger.  There  is  need,  how- 
ever, of  a  reliable  method  for  the  examination  of  ginger  solida 

There  is  evident  necessity  also  for  better  methods  for  determining  essential 
oils  in  alcoholic  solutions.    This  is  especially  true  of  oil  of  peppermint    ''  Bx- 
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tracts,"  "essences,"  and  "tinctures"  of  peppermint,  containing  such  varying 
amounts  of  oil  in  alcohol  of  high  proof  and  low,  are  important  articles  of  cosci- 
merce  and  demand  the  attention  of  the  food  inspection  chemist  Reliable 
methods  are  desired  in  this  connection  to  check  the  growing  practice  of  substi- 
tuting oil  from  wliich  menthol  has  been  partially  abstracted. 

The  two  methods  tliat  have  been  prox>osed  for  the  determination  of  oil  of 
wintergreen  in  alcohol  solutions  seem  worthy  of  adoption  by  the  association 
without  further  study. 

It  is  recommended — 

(1)  That  the  method  of  determining  vanillin,  coumarin,  normal  lead  num- 
ber, and  residual  color  in  one  weighed  portion*  as  proposed  by  Winton,  Lott, 
and  Berry,  be  proyisionally  adopted.  In  harmony  with  this  reconmiendation, 
it  is  necessary  to  ask  that  recommendation  No.  2  as  adopted  last  year  (Bui. 
137,  p.  120)  be  set  aside  and  that  the  text  of  the  method  as  given  on  page  128 
(modified  as  suggested  below)  be  substituted  for  all  material  under  the  head- 
ing No.  4,  in  Bulletin  107,  Revised,  pages  156  to  158,  "4.  Determination  of 
vanillin,  coumarin,  normal  lead  number,  and  residual  color."  These  deter- 
minations are  all  to  be  made  in  one  weighed  x>ortion. 

On  account  of  the  importance  of  this  method  as  a  means  of  distinguishing 
between  genuine  and  imitation  vanilla  extracts,  and  in  view  of  numerous 
changes  of  detail  of  procedure  that  have  beoi  suggested  and  that  seem  worthy 
of  consideration,  I  ask  that  a  committee,  with  Dr.  Winton  as  chairman,  be  ap- 
pointed at  the  forthcoming  meeting  of  the  association  to  consider  the  data  of 
the  analysts'  reports  of  this  year  and  the  suggestions  that  have  been  made,  and 
to  draft  a  text  for  the  method  that  will  be  fully  in  accord  with  the  latest  inves- 
tigations of  the  subject.  The  findings  of  this  committee  should  be  accepted  by 
the  association  as  final  for  the  provisional  method  for  determining  vanillin^ 
coumarin,  lead  number,  and  residual  color.  In  this  way  much  valuable  time 
and  work  may  be  saved. 

(2)  That  the  above  method  for  determining  vanillin,  coumarin,  normal  lead 
number,  and  residual  color  in  filtrate,  in  one  weighed  portion  of  sample,  be 
further  studied  next  year  for  the  special  purpose  of  ascertaining  the  limits 
of  composition  of  standard  vanilla  extracta 

(3)  That  Tolman's  method  for  determining  per  cent  of  cdor  insoluble  in 
amyl  alcohol  (Marsh  reagent)  be  adopted  as  provisional,  and  that  the  text 
of  the  method  as  published  in  the  Proceedings  of  the  association  (Bui.  132, 
p.  00)  be  inserted  as  (c)  under  "11.  Test  for  coloring  matter,"  in  Methods 
of  Analysis  (Bui.  107,  Rev.,  p.  159).  It  is  further  recommended  that  this 
method  be  studied  next  year  for  the  purpose  of  determining  the  range  of 
values  for  pure  vanilla  extracts. 

(4)  Tliat  the  methods  for  the  determination  of  b^izaldehyde  in  almcMid 
extract  be  further  studied,  with  the  view  of  determining  the  reliability  of  the 
methods  and  also  the  conditions  under  which  aldehyde  is  oxidized  to  benzoic 
acid  in  commercial  extracts,  as  well  as  the  extent  of  such  oxidation. 

(5)  That  Mitchell's  modification  of  the  Seeker  test  for  ginger  be  adopted 
as  provisional  and  added  to  paragraph  3  under  "Ginger  extract,"  as  an  op- 
tional or  confirmatory  test.    The  description  of  this  test  is  as  follows: 

Extract  the  dealcoholized  sample  and  evaporate  the  ether  as  in  the  Seeker 
method.  Add  to  the  residue  10  or  12  drops  of  concentrated  sulphuric  acid  and 
about  5  mg  of  vanillin.  Mix  thoroughly  by  rubbing  with  a  glass  rod;  then 
allow  a  few  drops  of  water  to  fiow  down  into  the  mixture  from  the  side  of  the 
dish.    An  azure  blue  color  indicates  ginger. 
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(6)  That  the  method  for  the  detection  of  capsicum  in  ginger  extract,  as 
proposed  by  Miss  Doyle,  modifying  the  La  Wall  method,  be  adopted  as  pro- 
visional. The  Doyle  method  is  not  essentially  different  from  La  Wall's.  The 
details  of  procedure,  however,  are  such  as  to  make  the  test  more  positive  and 
are  set  forth  more  clearly  than  in  the  latter  method.  The  following  is  a  con- 
densed statemoit  of  the  method : 

To  10  cc  of  the  extract  cautiously  add  dilute  sodium  hydroxid  until  the 
solution  reacts  very  slightly  alkaline  with  litmus  paper.  Evaporate  at  about 
70"  O.  to  about  one-quarter  of  the  original  volume,  render  slightly  acid  with 
dilute  sulphuric  acid,  testing  with  litmus  paper.  Transfer  to  a  separatory 
funnel,  rinsing  the  evaporating  dish  with  water,  and  extract  with  an  equal 
volume  of  ether.  Avoid  emulsiflcation,  shaking  the  funnel  gently  for  a 
minute  or  two.  Draw  off  the  lower  layer  and  wash  the  ether  extract  once 
with  about  10  cc  of  water.  Transfer  the  washed  ether  extract  to  a  small 
evaporating  dish,  render  decidedly  alkaline  with  alcoholic  KOH,  and  evaporate 
at  about  70*  until  the  residue  is  pasty;  then  add  about  20  cc  more  of  N/2 
alcoholic  potash  and  allow  to  stand  on  a  steam  bath  until  the  gingerol  is  com- 
pletely saponified.  Usually  about  one-half  hour  is  required.  Dissolve  the 
residue  in  a  little  water  and  transfer  with  water  to  a  small  separatory  funneL 
The  volume  should  not  exceed  50  cc.  EiXtract  the  alkaline  solution  with  an 
equal  volume  of  ether.  Wash  the  ether  extract  repeatedly  with  small  amounts 
of  water  until  no  alkaline  reaction  with  litmus  is  given.  Transfer  the  washed 
extract  to  a  small  evaporating  dish,  allowing  the  ether  to  evaporate  spontane- 
ously. Finally,  test  the  residue  for  capsicum  by  moistening  the  tip  of  the 
finger,  rubbing  it  around  on  the  bottom  and  sides  of  the  dish  and  then  applying 
the  finger  to  the  end  of  the  tongue.  A  hot,  stinging  or  prickly  soisation,  which 
persists  for  several  minutes,  indicates  capsicum. 

(7)  That  the  Street-Morrison  method  (BuL  137,  p.  76)  and  other  available 
methods  for  examining  and  identifsring  the  components  of  the  total  solids  of 
ginger  extracts  be  a  subject  for  study  next  year.  Such  a  method  is  necessary 
for  proving  adulteration  in  alcoholic  extracts  of  ginger. 

(8)  That  the  subject  of  the  determination  of  oil  of  nutmeg  in  nutmeg  extract 
be  studied  further,  and  that  other  methods  be  tried  next  year.  Both  of  the 
methods  tried  this  year  proved  utterly  unreliable. 

(9)  That,  for  the  determination  of  oil  of  wintergreen  in  wintergreen  extracts, 
both  of  the  following  methods  be  adopted  provisionally. 

First,  Howard's  method  as  described  in  J.  Ind.  Eng.  Chem.,  1911,  3 :  252,  using 
cold  dilute  sulphuric  acid  (1:2)  for  the  fioating  medium. 

Second,  Hortvet  and  West's  method  of  saponifying  the  oil  and  weighing  as 
salicylic  acid  (J.  Ind.  Eng.  Chem.,  1909,  1:90). 

By  the  first  method  the  volume  of  the  extracted  oil  is  measured  in  the  stem 
of  a  Babcock  fiask. 

By  the  second  method  the  amount  of  oil  present  is  found  by  determining 
the  principal  ingredient,  viz,  methyl  salicylate,  which  constitutes  about  99 
per  cent  of  oil  of  wintergreen.  Since  these  methods  are  oased  on  entirely 
different  principles,  they  afford  a  valuable  means  of  checking  results. 

(10)  That  the  Howard  method  for  the  determination  of  oil  of  pepp^mint 
in  alcoholic  solutions,  which  was  adopted  provisionally  last  year,  be  abandoned, 
and  that  the  subject  be  given  further  study.  The  original  method  proposed  by 
Howard,  which  was  adopted  last  year  (Bui.  137,  p.  76),  was  modified.  In  the 
interests  of  greater  accuracy,  by  its  author,  and  the  new  method  published 
in  J.  Ind.  EIng.  Chem.,  1911,  3:252.  The  new  method  was  tried  this  year  by 
eight  collaborating  chemists.  The  results  reported  were  quite  unsatisfactory, 
lacking  both  accuracy  and  uniformity. 

33547*— BuU.  152—12 ^10 
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THE  CHEMICAL  COMPOSITION  OF  AUTHENTIC  VANILLA  EXTRACTS, 
TOGETHER  WITH  ANALYTICAL  METHODS  AND  OMITS  OF  CON- 
STANTS. 

By  A.  L.  WiNTON  and  B.  H.  Bebbt. 
Variation  in  Composition  of  Vanilla  Extract. 

Standard  vanilla  extract,  as  recognized  by  the  food  analyst,  the  pharmacist, 
and  the  reputable  manufacturer,  is  a  definite  product  in  that  it  contains  in 
100  cc  of  the  solution  the  alcohol-soluble  materials  from  10  grams  of  vanilla 
beans;  it  is  indefinite  in  that  it  is  more  or  less  variable  in  its  composition, 
owing  partly  to  variations  in  the  perc^itages  of  moisture  and  soluble  constit- 
uents of  the  bean  and  partly  to  differences  in  the  methods  of  extraction. 
The  quality  of  the  extract  is  also  variable,  being  dependent  on  the  variety  and 
grade  of  bean,  but  with  our  present  knowledge  this  can  not  be  definitely  corre- 
lated with  differences  in  composition. 

The  purpose  of  this  paper  is  to  show  the  variation  in  composition  of  extracts 
made  in  the'  laboratory  from  different  varieties,  grades,  and  lengths  of  vanilla 
beans  and  by  the  use  of  different  menstrua,  thus  furnishing  data  to  aid  in 
distinguishing  between  the  genuine  product  and  imitations.  The  methods  of 
analysis,  some  of  which  have  been  developed  by  the  writers,  are  also  described 
in  detail. 

Varieties  of  Vanhxa  Beans. 

The  vanilla  bean  is  a  native  of  Mexico,  from  which  country  «the  finest  grades 
are  still  obtained.  Mexican  vanilla  is  largely  consumed  In  the  United  States. 
The  product  chiefiy  used  in  Europe  is  collectively  known  as  Bourbon  vanilla, 
which  includes  true  Bourbon  (the  product  of  Reunion),  Seychelles,  Comores, 
Madagascar,  etc.  Vanilla  of  somewhat  less  commercial  value  and  of  relatively 
small  importance  is  produced  in  South  America,  Java,  and  Ceylon.  The  vanilla 
of  Tahiti  has  long  been  recognized  as  of  inferior  flavoring  value  and  has  com- 
manded a  correspondingly  low  price. 

The  following  quotations  per  pound,  which  obtained  at  the  time  the  samples 
for  this  investigation  were  purchased  (August,  1909),  show  the  relative  com- 
mercial value  of  the  several  varieties:  Mexican,  $2.50  to  $5;  Bourbon  (includ- 
ing Comores,  Seychelles,  and  Madagascar),  $2.50  to  $3.25;  South  American, 
$2.50  to  $3;  Java,  $2.50;  Ceylon,  $2.40;  Tahiti,  $0.80. 

Vanillons,  also  known  as  pompona  or  La  Guayra  vanilla,  being  the  fruit  of 
a  different  species  {Vanilla  pompona)  is  not  true  vanilla,  and  an  extract  pre- 
pared from  It  is  not  vanilla  extract.  These  beans  are  distinguished  from  g^uine 
vanilla  by  their  shorter  length  and  greater  breadth.  They  are  used  chiefly  in 
the  preparation  of  sachet  powder. 

Most  of  the  commercial  varieties  of  beans  can  be  distinguished  only  by  an 
expert,  as  the  differences  are  slight  and  hardly  describable.  Tahiti  beans,  how- 
ever, have  in  the  past  been  strikingly  different  from  the  others,  owing  to  their 
high  moisture  content  and  greasy  appearance,  and  extracts  prepared  from 
these  beans  have  been  characterized  by  their  light  color  and  characteristic  in- 
ferior flavor.  These  defects,  however,  will  doubtless  be  largely  obviated  owing 
to  the  enforcement  of  a  law  which  went  into  effect  in  French  Oceania  during 
the  present  year,  prohibiting  the  exportation  of  beans  which  have  not  be&i 
officially  Inspected  and  passed  by  a  board  of  examiners. 

The  Tonka  bean,  which  Is  a  true  bean  In  that  It  Is  the  seed  of  a  legume,  as 
distinguished  from  the  so-called  vanilla  bean,  which  is  the  fruit  of  an  orchid. 
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has  Uttle  In  common  with  the  latter.  The  extract  from  this  bean  contains 
coumarln  but  no  vanillin,  and-  has  a  low  color  value  and  low  normal  lead 
number. 

Pbgcesses  of  Manufacture  of  Vanilla  Extract. 

The  U.  S.  P.  process,  which  is  regarded  as  standard,  is  not  generally  used  by 
manufacturers  of  vanilla  extracts  other  than  pharmacists.  Many  consider  that 
60  or  even  45  per  cent  alcohol  is  quite  as  efficient  as  the  60  per  cent  of  the 
U.  S.  P.  formula,  and  some  substitute  glycerin  for  sugar,  for  the  reason  that 
It  is  said  to  retain  the  flavor  better  in  cookin^r.  The  use  of  alcohol  of  greater 
dilution  than  45  per  cent  is  impracticable,  because  it  extracts  from  the  beans 
gelatinous  constituents  which  raider  percolation  difficult  or  impossible.  Alco- 
hol alone,  without  either  sugar  or  glycerin,  is  an  efficient  solvent,  but  the 
product  is  not  as  salable,  owing  to  the  prejudice  of  the  consumer,  who  is  accus- 
tomed to  the  sweet  taste. 

The  time  of  extraction  and  of  percolation  varies  in  different  factories.  Most 
manufacturers  soak  their  beans  with  alcohol  for  days  and  even  months  before 
percolation.  The  XT.  S.  P.  process  is  probably  the  least  efficient  of  all  the  com- 
mercial processes  unless  care  is  taken  to  use  for  the  menstruum  alcohol  which 
has  been  previously  macerated  with  or  percolated  through  the  residue  from  the 
extraction  of  a  previous  lot  of  beans;  consequently,  t^itative  standards  of  com- 
position based  on  the  analyses  of  U.  S.  P.  extracts  are  not  unfavorable  to  the 
manufacturer  who  might  employ  a  more  complete  method  of  extraction.  The 
coloring  matter  of  the  bean,  which  is  highly  prized  in  the  extract,  is  particularly 
slow  of  extraction. 

Methods  fob  the  Analysis  of  VaKilla  Bxtbact. 
determination  of  vanilun  and  coumarin. 

Modified  Hess  and  Prescolt  method.^ — Pipette  50  cc  of  the  extract  directly  into 
a  tared  250  cc  beaker  with  marks  showing  volumes  of  80  and  50  cc ;  dilute  to 
80  cc,  and  evaporate  to  50  cc  In  a  water  bath  kept  at  70"  C.  Dilute  again  to 
80  cc  with  water  and  evaporate  to  50  cc.  Transfer  to  a  100  cc  flask,  rinsing 
the  beaker  with  hot  water,  add  25  cc  of  standard  lead  acetate  solution  (80 
grams  of  chemically  pure  crystallized  lead  acetate,  made  up  to  1  liter),  make 
up  to  the  mark  with  water,  shake  and  allow  to  stand  18  hours  at  a  temperature 
of  from  37  to  40**  C.  in  a  bacteriological  incubator,  in  a  water  bath  provided 
with  a  thermostat,  or  in  any  other  suitable  apparatus.  Filter  through  a  small 
diT  Alter  and  pipette  off  50  cc  of  the  filtrate  into  a  separatory  funnel. 

If  a  determination  of  normal  lead  number  is  desired,  pipette  off  10  cc  of  the 
filtrate  into  a  beaker  and  proceed  as  described  on  page  148.  In  the  latter  case, 
the  water  used  throughout  the  process  should  be  boiled  until  free  from  carbon 
dioxid.  If  coloring  with  caramel  is  suspected,  determine  the  color  value  of  the 
original  extract  and  the  filtrate  (page  148). 

To  the  50  cc  of  the  filtrate  in  the  separatory  funnel  add  20  cc  of  ether  and 
shake.  Draw  off  carefully  the  aqueous  liquid,  together  with  any  ether  emulsion, 
and  then  remove  the  clear  ether  solution  to  another  separatory  funnel.  Repeat 
the  shaking  of  the  aqueous  liquid  with  ether  three  times,  using  15  cc  each  time. 

Shake  the  combined  ether  solutions  four  or  five  times  with  2  per  cent  am- 
monium hydroxid,  using  10  cc  for  the  first  shaking  and  5  cc  for  each  subsequent 
shaking.  In  drawing  off  the  ammoniacal  solution,  care  should  be  taken  not 
to  allow  any  of  the  ether  solution  to  pass  through  with  it.  Reserve  the  am- 
moniacal solution  for  the  determination  of  vanillin. 

Transfer  the  ether  solution  to  a  weighed  dish  and  allow  the  ether  to  evap- 
orate at  room  temperature.  Dry  in  a  sulphuric  acid  desiccator  and  weigh.  If 
the  residue  Is  pure  coumarin,  it  should  have  a  melting  point  of  67*"  C,  respond 

ij.  Amer.  Chem.  Soc.,  1809,  Sit  266;  ibid.,  1002,  84:  1128;  ibid.,  1005,  87:  710;  U.  8. 
Dept  Agr.,  Bureau  of  Cbemistry  Bnl.  132,  p.  100.  and  Bui.  137.  p.  120. 
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to  the  Leach  test,  and  be  completely  soluble  in  three  or  four  portions  of  petro- 
leum ether  (boiling  point  30*  to  40  0.).  stirring  with  each  portion  15  minutes. 
Add  to  the  ammoniacal  solution  10  per  cent  hydrochloric  acid  to  slightly  acid 
reaction.  This  should  be  dcme  without  delay,  as  the  ammoniacal  solution  on 
standing  grows  slowly  darker  with  a  loss  of  vanillin.  Cool,  and  shake  out  in  a 
separatory  funnel  with  four  portions  of  ether,  as  described  for  the  first  ether 
extraction.  Evaporate  the  ether  solution  at  room  temperature  in  a  weighed 
dish,  dry  over  sulphuric  acid,  and  weigh.  The  residue  should  be  pure  vanillin, 
free  from  any  appreciable  amount  of  color  and  with  a  melting  point  of  80**  G. 

DETEBMINATION  OF   NORMAL   LEAD   NUMBER. 

Winton  and  Lott  method} — Mix  the  10  cc  aliquot  of  the  filtrate  from  the  lead 
acetate  precipitate  obtained  in  the  determination  of  vanillin  and  coumarin 
(page  147),  with  25  cc  of  water,  boiled  until  free  from  carbon  dioxld,  and  a 
moderate  excess  of  sulphuric  acid.  Add  100  cc  of  95  per  cent  alcohol  and  mix 
again.  Let  stand  overnight,  filter  on  a  Crooch  crucible,  wash  with  95  per  cent 
alcohol,  dry  at  a  moderate  heat,  ignite  at  low  redness  for  three  minutes,  taking 
care  to  avoid  the  reducing  flame,  and  weigh.  The  normal  lead  number  is  calcu- 
lated by  the  following  formula : 

100X0.6831(8 -W) 
P=  5^  ^=13.662(S-W) 

in  which  P=normal  lead  number,  S=grams  of  lead  sulphate  corresponding  to 
2.5  cc  of  the  standard  lead  acetate  solution  as  determined  in  blank  analyses, 
and  W=graros  of  lead  sulphate  obtained  in  10  cc  of  the  filtrate  from  the  lead 
acetate  precipitate  as  above  described. 

The  standard  of  the  lead  acetate  solution  as  determined  by  blank  analyses 
does  not  change  appreciably  on  standing;  it  should,  however,  be  checked  from 
time  to  time,  especially  if  the  bottle  is  opened  frequently,  thus  permitting  ab- 
sorption of  carbon  dioxid. 

In  all  steps  of  the  process  only  water  free  from  carbon  dioxid  should  be 
used. 

DETERMINATION    OF    COLOR    VALUE   OF    THE    EXTRACT. 

Pipette  2  cc  of  the  extract  into  a  50  cc  graduated  flask  and  make  up  to  the 
mark  with  a  mixture  of  equal  parts  of  95  per  cent  alcohol  and  water.  Deter- 
mine the  color  value  of  this  diluted  extract  in  terms  of  red  and  yellow  by 
means  of  a  Lovibond  tintometer,  using  the  1-inch  cell.  To  obtain  the  color  value 
of  the  original  extract,  multiply  the  figures  for  each  color  by  25. 

For  example,  a  reading  of  0.6  red  and  2.1  yellow  obtained  on  the  diluted  ex- 
tract corresponds  to  a  color  value  of  15  red  and  52  yellow  calculated  to  the 
original  extract 

DETERMINATION  OF  RESIDUAL  COLOR  AFTER  PRECIPITATION  WITH  LEAD  ACETATE. 

Determine  the  color  value,  in  terms  of  red  and  yellow,  of  the  filtrate  from  the 
lead  acetate  precipitate,  obtained  in  the  determination  of  ^vanillin  and 
coumarin**  (p.  147),  using  the  1-inch  Lovil)ond  cell.  Multiply  the  reading  by  2, 
thus  reducing  the  results  to  the  basis  of  the  original  extract. 

In  case  the  actual  reading  of  the  solution  is  greater  than  5  red  and  15  yellow, 
as  may  happen  if  the  extract  is  highly  colored  with  caramel,  the  one-half  or 
one-quarter  inch  cell  should  be  employed  and  the  readings  multiplied  respect- 
ively by  4  or  by  8. 

Divide  the  figures  for  red  and  yellow  respectively  by  the  corresponding  figures 
of  the  original  extract  and  multiply  the  quotients  by  100,  thus  obtaining  the 
percentages  of  the  two  colors  remaining  in  the  lead  acetate  filtrate. 

For  example,  if  the  color  value  of  the  original  extract  is  15  red  and  52  yellow 
and  the  color  value  of  the  lead  acetate  filtrate,  also  measured  in  the  1-inch 
cell,  is  0.6  red  and  2.4  yellow,  then  the  residual  color  after  precipitation  with 
lead  acetate  calculated  to  the  basis  of  the  original  extract  is  1.2  red  and  4.8 
yellow  or  8  per  cent  of  the  red  and  9.2  per  cent  of  the  yellow. 

Calculate  also  the  ratio  of  red  to  yellow  in  both  extract  and  lead  filtrate. 

1 U.  S.  Dept.  Agr„  Bureau  of  Chemistry  Bui.  132,  p.  110,  and  Bui.  137,  p.  120. 
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DBTEBMINATION   OF   COLOB  INSOLUBLE   IN   AlCTL   ALCOHOL.^ 

Marsh  test. — ^Evaporate  25  cc  of  the  extract  until  the  odor  of  alcohol  is  no 
longer  apparent  and  the  liquid  is  reduced  to  a  thick  sirup.  Dissolve  the  residue 
in  water  and  alcohol,  using  26.3  cc  of  95  per  cent  alcohol,  and  making  up  to 
volume  in  a  50  cc  flask  with  water.  Transfer  25  cc  of  this  solution  to  a  sepa- 
ratory  funnel ;  add  25  cc  of  the  Marsh  reagent  and  shake,  not  too  vigorously,  to 
avoid  emulsiflcation.  Allow  the  layers  to  separate  and  repeat  the  shaking  twice 
more.  After  the  layers  have  separated  clearly,  run  off  the  lower  layer  into  a 
25  cc  cylinder,  and  make  up  to  volume  with  50  per  cent  by  volume  alcohol. 
Filter  if  necessary  and  compare  In  a  colorimeter  with  the  remaining  25  cc  por- 
tion (which  has  not  been  extracted  with  the  reagent)  and  express  the  results 
as  per  cent  of  color  insoluble  in  amyl  alcohoL 

The  Marsh  reagoit  is  prepared  as  follows : 

Mix  100  cc  of  amyl  alcohol,  3  cc  of  sirupy  phosphoric  acid,  and  3  cc  of  water ; 
shake  before  using.  If  the  reagent  becomes  colored  on  standing,  the  amyl 
alcohol  should  be  redistilled  over  5  per  cent  phosphoric  add. 

U.  S.  P.  Vanilla  Extracts  Made  in  the  Labobatobt. 

In  order  to  learn  the  influence  of  variety,  grade,  and  length  of  bean  on  the 
composition  of  vanilla  extract,  74  samples  were  obtained  from  one  of  the  lead- 
ing importers.  The  number  of  grades  of  each  variety  represented  were  as  fol- 
lows :  Mexican,  5 ;  Bourbon,  5 ;  Seychelles,  3 ;  Madagascar,  3 ;  Comores,  4 ;  South 
American,  3;  CJeylon,  1;  Java,  1;  Tahiti,  1.  Wh«iever  possible,  two  or  three 
lengths  of  each  grade  were  secured  and  separate  extracts  made  of  each.  In 
addition,  one  sample  each  of  Mexican  cuts  and  fiplits,  also  one  of  Bourbon 
splits^  were  included.  One  sample  of  Vanillons  and  two  of  Angostura  Tonka 
beans,  one  **  prime  *•  and  the  other  "  bloaters,"  were  secured. 

Determinations  of  moisture  were  made  only  in  the  case  of  one  sample  of 
Tahiti  beans,  which  was  found  to  contain  50.53  per  cent  Probably  none  of  the 
samples  contained  less  than  25  per  cent  of  moisture,  and  none,  except  the  Tahiti 
samples,  as  high  as  50  per  cent  As  regards  this  iK>int  they  represented  fairly 
the  commercial  product  which  is  stated  not  to  change  appreciably  in  moisture 
content  during  storage  in  the  tin  boxes  used  for  the  purpose. 

pbepabation  of  extbaots. 

The  method  employed  was  that  for  iinctura  vawUlw  (tincture  of  vanilla)  as 
described  in  the  United  States  Pharmacopoeia,  eighth  revision,  page  484,  as 
follows : 

Vanilla,  cut  into  small  pieces  and  bruised,  100  grams ;  sugar,  in  coarse  powder, 
200  grams ;  and  alcohol  and  water,  each  a  sufficient  quantity  to  make  1,000  cc 

Mix  650  cc  of  alcohol  with  350  cc  of  water.  Macerate  the  vanilla  in  500  cc  of 
the  mixture  for  12  hours ;  then  drain  off  the  liquid  and  set  it  aside.  Transfer 
the  vanilla  to  a  mortar,  beat  it  with  the  sugar  into  a  uniform  powder,  then  pack 
it  in  a  percolator  and  pour  upon  it  the  reserved  liquid.  When  this  has  disap- 
peared from  the  surface,  continue  the  percolation  by  gradually  pouring  on 
sufficient  menstruum  to  make  1,000  cc  of  tincture. 

In  all  cases,  wherever  the  quantity  of  the  material  would  permit,  200  grams 
of  the  beans  and  proportionate  quantities  of  the  other  ingredients  were  em- 
ployed. The  vanilla,  preparatory  to  extraction,  was  ground  as  flnely  as  possible 
in  a  meat  chopper.  The  maceration  of  the  ground  vanilla  was  carried  on,  as 
directed,  for  12  hours,  while  the  percolation,  after  grinding  the  residue  with  the 
sugar,  consumed  approximately  12  additional  hours. 

1  The  method  Is  that  employed  by  Tolman  and  HUlyer  (Bui.  122,  p.  206 ;  Bui.  132,  p. 
90)  for  the  detection  of  caramel  In  whisky.  The  application  of  this  process  to  the 
examination  of  vanilla  extract  was  first  suggested  by  ulltner. 
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BXTBACTS  FBOM  BE8IDUES  OF  FIBST  EXTBACTION. 

The  residues  from  the  U.  S.  P.  extractions,  representing  200  grams  of  the 
beans,  were  macerated  with  500  cc  of  60  per  coit  (by  volume)  alcohol  for  flye 

.^_  .^  glass-stoppered  bottles.    At  the  end  of  that  time  the  contents  of  the 

re  transferred  to  a  i)ercolator,  and  after  the  liquid  had  run  through, 
tions  of  60  per  cent  alcohol  were  added  until  the  percolate  measured 

ter  of  second  extract  accordingly  corresponded  to  the  2  liters  of  the 
act,  but  in  calculating  the  analytical  results,  all  of  the  figures  were 
0  the  same  basis  as  that  of  the  first  extract. 

:al  percentage  of  vanillin  in  the  bean  may  be  accurately  obtained  by 
le  figures  obtained  in  the  two  extracts  and  multiplying  by  10.  The 
normal  lead  number  and  color  value  may  also  be  calculated,  but  these 
re  less  significant,  as  they  represent  merely  what  was  obtained  by 
its  and  methods  of  extraction  employed. 

RESULTS  OF  ANALYSES. 

le  1  are  given  the  detailed  results  of  the  analyses  of  the  U.  S.  P.  ex- 
»gether  with  the  maximum,  minimum,  and  average  results  of  the 
of  the  extracts  made  from  each  variety  of  beans,  as  well  as  of  all  of 
ses,  excluding  Ceylon  vanilla,  Vanillons,  and  Tonka  beans, 
tailed  results  of  the  analyses  of  the  extracts  prepared  from  the  real- 
a  the  U.  S.  P.  extracts,  together  with  the  maximum,  minimum,  and 
Igures,  excludiag  the  varieties  noted  in  the  last  paragraph,  appear 
2. 

—Analyses  of  vanilla  extracts  {tincture  of  vanilla  U,  8.  P.)  made  in 
the  laboratory. 


"S 

> 

1 
1 

Color  value. 

Per  cent  of 
total  color 

Ratio  of  ted  to 
yellow. 

f-3 

i 

ad  quality 
bean. 

(total  color). 

Lead 
filtrate.* 

in  lead 
filtrate. 

1 

i 

t 

>H 

t 

1 

1 

JH 

n: 

cm. 
22 
17 
22 
19 
15 
23 
10 
15 
21 
20 
22 
16 

Gnu. 

tl^cc. 

0.17 
.16 
.17 
.17 
.17 
.19 
.19 
.20 
.19 
.10 
.15 
.16 
.16 

a  52 

.47 
.56 
.55 
.61 
.58 
.50 
.50 
.62 
.64 
.66 
.68 
.62 

22 
10 
25 
25 
20 
27 
27 
30 
50 
35 
35 
37 
56 

62 
55 
80 
72 
75 
102 
07 
07 
135 
102 
115 
120 
154 

L2 
L2 
L4 
LO 
L2 
L4 
1.4 
1.4 
L8 
L4 
L8 
L8 
2.0 

4.8 
4.8 
7.0 
4.8 
5.4 
7.8 
6.2 
6.2 
7.8 
6.8 
7.6 
7.8 
8.0 

Per 
cent. 

Per 
cent. 

8 

1:2.8 
2.0 
8.2 
2.0 
2.6 
3.8 
3.6 
3.2 
2.7 
2.0 
3.3 
3.2 
2.8 

1:4.0 
4.0 
6.0 
4.8 
4.5 
5.6 
4.4 
4.4 
4.3 
4.0 
4.2 
4.3 
4.0 

Per 
cent. 
19.5 

)o 

33.9 

id 

31.3 

)o 

19.5 

)o 

30.5 

1 

22.7 

)o 

24.4 

)o 

I  (splits)... 

2M 
3a4 
3a4 

30.8 

^0 

22.3 

10.0 

taximnm.. 
[inimum.. 
venge.... 

>n: 

23 
15 
19 

22 

ir> 

13 

.20 
.15 
.17 

.20 
.20 
.10 

.68 
.47 
.68 

.46 
.49 
.40 

56 
10 
S2 

22 
22 
22 

154 
55 
97 

65 
67 
67 

2.0 
1.0 
1.6 

1.8 
L8 
1.6 

8.0 
4.8 
6.6 

6.4 
6.8 
6.2 

8 
8 
7 

0 

3.8 
2  6 
S.l 

3.0 
3.0 
3.0 

5.6 
4.0 
4.6 

3.6 
3.8 
3.0 

34.4 
10.0 
91.1 

37.0 

)o 

29.4 

)o 

27.8 

1  Calculated  to  volume  of  extract 
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Table  1. — Analyses  of  vanUla  extracts  (tincture  of  vanilla  V,  8,  P.)  made  in 
the  lahoratory^-Continued, 


E3nd  and  qoaUty 
of  bean. 

1 

> 

1 
1 

1 

Odor  value. 

Per  cent  of 

total  color 

in  lead 

filtrate. 

Ratio  Of  led  to 
yeUow. 

Extract 
(total  color). 

Lead 
filtrate. 

H 

2 

i 

1 

>* 

1 

JH 

1 

>* 

-a 

if 
2l 

17 

Bourbon— Contd. 
Second 

em. 

22 
17 
11 
22 
16 
10 
19 
22 
16 
10 
22 
16 
10 

Qmt. 

.15 
.20 
.21 
.22 
.20 
.17 
.19 
.16 
.14 
.13 
.14 
.16 
.16 

.66 
.62 
.63 
.62 
.44 
.66 
.49 
.48 
.50 
.64 
.62 
.66 
.65 

22 
66 

30 
26 
26 
30 
44 
30 
25 
26 
32 
40 
32 

68 
127 
110 
80 
07 
104 
116 
90 
98 
90 
107 
116 
97 

1.4 
2.4 
1.8 
2.0 
1.4 
2.0 
2.0 
1.8 
1.8 
2.0 
2.0 
2.0 
1.8 

6.8 
6.8 
8.2 
7.0 
7.0 
7.6 
8.0 
6.2 
6.8 
6.8 
7.8 
6.8 
7.6 

Per 
cent. 

Per 
cent. 

3.1 
2.3 
3.7 
3.2 
3.9 
3.6 
2.6 
3.0 
3.9 
3.6 
3.3 
2.9 
3.0 

4.1 
2.8 
4.6 
3.6 
6.0 
3.8 
4.0 
3.4 
3.8 
3.4 
3.9 
3.4 
4.2 

Per 
cent. 

29.4 

1R 

Do 

24.4 

19 

Do ..... 

29.4 

20 

Third 

27.8 

?1 

Do 

27.0 

W 

Do 

26.3 

23 
24 

Third  (splits)... 
Fourth 

23.3 
26.6 

25 

Do 

20.3 

26 

Do 

27.0 

27 

Fifth 

21.3 

28 

Do 

21.7 

29 

Do 

2&3 

Maximum.. 

Minimum . . 

Average.... 

SeycheUes: 

First 

30 

22 
10 
16 

20 
16 
10 
22 
16 
11 
22 
16 
10 

.22 
.13 
.18 

.19 
.19 
.20 
.21 
.19 
.19 
.21 
.18 
.16 

.63 
.44 
.58 

.46 
.41 
.62 
.46 
.61 
.64 
.61 
.60 
.59 

66 
22 
80 

22 
23 
22 
25 
47 
30 
60 
38 
36 

127 
66 
04 

80 

77 

77 

87 

117 

116 

162 

120 

126 

2.4 
1.4 
1.9 

1.0 
1.2 
1.4 
1.4 
2.2 
1.8 
3.4 
2.0 
1.8 

8.2 
6.8 
7.0 

5.0 
6.8 
6.0 
6.6 
8.8 
8.2 
14.6 
8.2 
8.2 

10 

3.9 
2.3 
8.2 

3.6 
3.3 
3.6 
3.6 
2.6 
2.9 
3.2 
3.1 
3.6 

6.0 
2.8 
8.8 

6.0 
4.8 
4.3 
4.7 
4.0 
4.6 
4.3 
4.1 
4.6 

30.3 
21.3 
26.6 

23.3 

31 

Do 

22.7 

32 

Do 

27.0 

33 

•  Third 

25.1 

34 

Do 

26.1 

35 

Do 

27.0 

3(\ 

Fourth 

29.4 

37 

Do 

26.0 

38 

Do 

26.6 

Maximum.. 

Minimum. . 

ATerage.... 

Madagascar: 

Second 

30 

22 
10 
16 

23 
17 
11 
22 
16 
12 
20 
16 
12 

.21 
.16 
.19 

.23 
.23 
.19 
.21 
.21 
.16 
.30 
.24 
.24 

.60 
.46 
.61 

.42 
.40 
.46 
.66 
.61 
.63 
.49 
.41 
.61 

60 
22 
88 

25 
26 
31 

?? 

42 
42 
30 
37 

162 

77 

107 

87 
85 
85 
102 
147 
120 
148 
110 
115 

3.4 
1.0 
1.8 

1.6 
1.4 
1.8 
2.4 
1.8 
1.8 
2.6 
1.8 
2.4 

14.6 
6.0 
7.9 

7.2 
6.2 
7.6 
8.4 
9.2 
9.2 

11.6 
9.0 

10.0 

7 

8 
6 
8 
8 
8 
9 

3.6 
2.6 
8.2 

3.5 
3.4 
2.7 
3.4 
3.1 
2.9 
3.5 
3.3 
3.1 

5.0 
4.0 
4.6 

4.6 
4.4 
4.2 
3.6 
6.1 
5.1 
4.4 
6.0 
4.2 

20.4 
22.7 
25.6 

24.3 

40 

Do 

26.0 

41 

Do 

23.2 

4? 

Third  

27.8 

43 

Do 

27.8 

44 

Do 

23.6 

45 

Fourth 

30.3 

46 

Do 

27.8 

47 

Do 

26.3 

Maximum.. 

Minimum. . 

Average.... 

Comores: 

First* 

48 

23 
11 
16 

21 
15 
11 
10 
16 
10 
19 
14 
10 
21 
15 
15 
16 
16 
15 
15 

.30 
.16 

.19 
.18 
.18 
.19 
.17 
.15 
.12 
.12 
.16 
.31 
.22 
.28 
.12 
.20 
.20 
.16 

.63 
.40 
.60 

.62 
.64 
.59 
.69 
.60 
.68 
.74 
.71 
.64 
.40 
.62 
.48 
.73 
.48 
.66 
.65 

47 
26 
84 

30 
30 
26 
36 
30 
30 
40 
32 
37 
26 
27 
40 
37 
22 
26 
27 

148 

85 

111 

90 
107 
96 
116 
107 
92 
140 
105 
105 
77 
87 
134 
107 
70 
77 
77 

2.6 
1.4 
2.0 

1.4 
1.8 
2.0 
2.2 
1.8 
2.2 
2.4 
2.4 
2.4 
1.8 
1.4 
2.6 
2.0 
1.4 
1.4 
1.4 

11.6 
6.2 
8.7 

6.6 
6.4 
7.0 
7.6 
7.4 
7.4 
9.2 
8.4 
8.6 
7.0 
7.4 
12.6 
9.6 
6.0 
6.0 
6.2 

9 
6 
8 

7 
6 
8 
7 
7 
8 
7 
8 
8 
9 
8 
9 
9 
8 
8 
8 

3.5 
2.7 
8.2 

3.0 
3.6 
3.8 
3.3 
3.6 
3.1 
3.5 
3.3 
2.8 
3.0 
3.2 
3.3 
2.9 
3.2 
3.0 
2.9 

6.1 
3.6 
4.5 

4.7 
3.6 
3.6 
3.5 
4.1 
3.4 
3.4 
3.5 
3.6 
3.9 
5.3 
4.8 
4.8 
4.3 
4.3 
4.4 

30.3 
23.2 
26.8 

26.3 

49 

Do 

28.6 

50 

Do 

25.0 

51 

Third* 

25.6 

5? 

Do 

25.0 

53 

Do 

28.6 

64 

55 

Fourth* 

Do 

26.3 
27.0 

66 

57 

Do 

First* 

25.6 
26.3 

68 
69 
60 
61 

Do 

Second* 

Fourth  « 

First* 

28.6 
.15.7 
30.3 
24.4 

6? 

Third" 

20.4 

63 

Fourth* 

Minimum . . 
Average 

>  Pomonl 

23.7 

21 
10 
16 
Anj 

.31 

.12 

.18 

ouan. 

.74 
.40 

40 
22 
81 

140 
70 
90 

2.6 
1.4 
1.9 

/Omon 

12.6 
6.0 
7.7 

9 

6 

8 

] 

C 

3.8 
2  8 
8.2 

Mayott 

)igitized  t 

5.3 
3.4 
4.1 

e. 
yGC 

30.3 
20.4 
26.7 

)OQk 
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Table  1. — Analyses  of  vanilla  cxtra<^t8  {tincture  of  vanilla  U.  8.  P.)  made  in 
the  laboratory — CJontlnued. 


Ratio  of  red  to 

i^ 

. 

Per  cent  of 

yellow. 

o-§ 

1 
g 

total  color 
in  lead 

11 

Extract 

Lead 

filtrate. 

I 

(total  color). 

filtrate. 

1 

Za 

1 

& 

.  1 

1 

i 

t 

a 

1 

H 

> 

t 

>H 

1 

>* 

1 

§ 

1 

&i 

m. 

Per 

Per 

Per 

)ec. 

eenL 

cent. 

eeaL 

23 

.60 

60 

155 

2.6 

10.4 

6 

3.1 

4.0 

29.4 

10 

.58 

42 

130 

2.4 

8.4 

6 

3.1 

3.6 

20.0 

22 

.40 

46 

117 

1.8 

6.8 

6 

2.6 

3.8 

20.4 

^ 

.58 

60 

156 

2.6 

10.4 

6 

3.1 

4.0 

29.4 

10 

.40 

42 

117 

1.8 

6.8 

6 

2.6 

3.5 

20.0 

21 

.62 

46 

184 

2.S 

8.6 

0 

2.9 

t.8 

2t.t 

06 

.67 

40 

146 

1.4 

6.4 

4 

3.6 

4.6 

22.7 

06 

.62 

42 

147 

3.8 

16.6 

11 

3.6 

4.1 

35.7 

07 

.67 

61 

106 

7.6 

32.6 

12 

17 

3.2 

4.3 

6ao 

"oB 

.67 

61 

105 

7.6 

32.6 

12 

17 

3.6 

4.6 

sao 

07 

.57 

40 

145 

1.4 

6.4 

4 

8.2 

4.1 

22.7 

08 

.82 

48 

102 

4.8 

18.2 

11 

S.4 

4.S 

to.i 

23 

.61 

46 

177 

2.4 

10.4 

6 

3.0 

4.3 

32.S 

24 

.44 

44 

142 

3.2 

13.4 

9 

3.2 

4.3 

35.7 

22 

.44 

44 

130 

3.0 

12.4 

10 

3.0 

4.1 

35.7 

Ia 

.61 

46 

177 

3.2 

13.4 

10 

8.9 

4.3 

.     35.7 

22 

.44 

44 

130 

2.4 

10.4 

6 

3.0 

4.1 

32.2 

n 

.60 

44 

160 

2.9 

12.1 

8 

S.4 

4.2 

84.6 

11 

.60 

17 

50 

.6 

3.6 

7 

3.0 

6.8 

1&8 

11 

.44 

16 

40 

.6 

3.1 

8 

2.7 

6.2 

l&O 

li 

.47 

le 

46 

.6 

t.8 

8 

2.9 

6.6 

17^ 

06 

.62 

43 

107 

1.4 

6.6 

6 

2L6 

4.7 

22L3 

5L 

.11 

6 

18 

.6 

2.4 

10 

13 

3.6 

4.8 

30.S 

.11 

6 

10 

.6 

2.4 

10 

13 

3.8 

4.8 

8L3 

:•) 

.11 

6 

19 

.6 

2.4 

10 

It 

t.7 

4.8 

tO.8 

.31 

.74 

66 

177 

3.4 

14.6 

8 

10 

3.0 

6.8 

SSw7 

.11 

.40 

16 

40 

.6 

3.1 

4 

6 

2.3 

2.8 

l&O 

.19 

.64 

S2 

102 

1.8 

7.0 

0 

8 

S.2 

4.2 

26.i 

s  Coumarin,  0.25  per  cent 

*  Excluding  Ceylon  vanilla,  Vanilfcms,  and  Tonka  beans. 
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Table  2. — Analyses  of  eottrads  made  pom  residues  from  vanUla  extracts 
{Table  1)  by  soaking  in  60  per  cent  alcohol. 

{Results  calculated  to  volume  of  U.  S.  P.  extract.] 


Nor- 

Color  value. 

Per  cent  of 
total  color  in 

Ratio  of  red  to 
yeUow. 

Serial 
num- 
ber. 

Kind  and 

quality  of 

bean. 

Lenfi:th 
b4n. 

Vanil- 
lin. 

mal 
lead 
num- 

Extract 
(total  color). 

Lead  fil- 
trate. 

lead  filtrate. 

ber. 

Ex- 
tract. 

Lead 

filtrate. 

Red. 

Yel- 
low. 

Red. 

Yel- 
low. 

Red. 

Yel- 
low. 

Gramt 

Mexican: 

em. 

l^cc. 

Per 
cent. 

Per 
cent. 

1 

First 

22 

0.03 

a05 

7 

26 

0.20 

0.8 

3 

3 

1:3.7 

1:4.0 

2 

Do.... 

17 

.03 

.05 

0 

28 

.30 

LO 

3 

3.1 

3.3 

3 

Second.... 

22 

.02 

.11 

16 

50 

.40 

L7 

3 

3.1 

4.2 

4 

Do.... 

10 

.04 

.09 

11 

41 

.25 

1.3 

2 

3.7 

6.2 

5 

Do.... 

15 

.04 

.06 

10 

32 

.25 

1.1 

3 

3.2 

4.4 

6 

Third 

23 

.03 

.05 

8 

28 

.25 

1.0 

3 

3.6 

4.0 

7 

Do.... 

19 

.02 

.06 

4 

21 

.25 

1.0 

6 

6.2 

4.0 

8 

Do.... 

15 

.02 

.06 

5 

23 

.20 

1.0 

4 

4.6 

6.0 

9 

Third 

(splits).. 

21 

.03 

.07 

13 

37 

.35 

1.3 

3 

2.8 

3.7 

10 

Fourth.... 

20 

.03 

.06 

6 

24 

.25 

1.0 

4 

4.0 

4.0 

11 

Fifth 

22 

.03 

.06 

6 

22 

.20 

1.0 

3 

3.7 

5.0 

12 

Do.... 

16 

.03 

.07 

7 

23 

.30 

1.0 

4 

3.3 

3.3 

13 

Cuts 

.02 

.05 

9 

25 

.25 

1.1 

3 

2.8 

4.4 

Bourbon: 

14 

First 

22 

.06 

.05 

10 

30 

.26 

1.3 

2 

3.0 

5.2 

15 

Do.... 

16 

.05 

.06 

9 

26 

.36 

LI 

4 

2.9 

3.1 

16 

Do.... 

13 

.05 

.06 

8 

24 

.36 

L2 

4 

3.0 

3.4 

17 

Second.... 

22 

.03 

.05 

13 

40 

.30 

LI 

2 

3.1 

3.7 

18 

Do.... 

17 

.03 

.05 

13 

33 

.30 

1.0 

2 

2.6 

3.3 

19 

Do.... 

11 

.04 

.05 

10 

31 

.30 

LI 

3 

3.1 

3.7 

20 

Third 

22 

.05 

.07 

13 

37 

.40 

L8 

3 

2.8 

4.5 

21 

Do.... 

15 

.04 

.04 

9 

31 

.35 

L2 

4 

3.4 

3.4 

22 

Do.... 

10 

.03 

.04 

8 

27 

.25 

LO 

3 

3.4 

4.0 

23 

Third 

(spUts).. 

19 

.04 

.05 

9 

31 

.20 

L2 

2 

3.4 

6.0 

24 

Fourth.... 

22 

.04 

.06 

8 

30 

.25 

L3 

3 

3.7 

6.2 

25 

Do.... 

16 

.03 

.04 

6 

25 

.25 

LI 

4 

4.2 

4.4 

26 

Do.... 

10 

.03 

.05 

6 

24 

.25 

LO 

4 

4.0 

4.0 

27 

Fifth 

22 

.04 

.06 

13 

•47 

.30 

L8 

2 

3.6 

6.0 

28 

Do.... 

15 

.04 

.06 

14 

38 

.30 

L5 

2 

2.7 

5.0 

29 

Do.... 

10 

.03 

.03 

11 

30 

.25 

L3 

2 

2.7 

6.2 

30 

20 

.04 

.04 

8 

30 

.20 

LO 

3 

3.7 

5.0 

31 

Do.... 

16 

.04 

.04 

8 

36 

.20 

LI 

3 

4.5 

5.5 

32 

Do.... 

10 

.03 

.04 

8 

26 

.15 

.8 

2 

3.2 

6.3 

33 

Third 

22 

.04 

.04 

8 

28 

.20 

LO 

3 

3.6 

6.0 

34 

Do.... 

15 

.04 

.06 

8 

30 

.20 

L3 

3 

3.7 

6.5 

35 

Do.... 

11 

...... 

36 

Fourth.... 

22 

"".64" 

"".OS* 

"'34' 

'."so* 

"l.'b 

6' 

**3.*i' 

3.*6 

37 

Do.... 

15 

.04 

.06 

16 

51 

.40 

L7 

3 

3.2 

4.2 

88 

Do.... 
Madagascar: 

10 

.03 

.04 

9 

30 

.20 

LI 

2 

3.3 

6.6 

39 

Second.... 

23 

.05 

.04 

13 

48 

.30 

LI 

2 

2 

3.7 

3.7 

40 

Do.... 

17 

.06 

.06 

14 

49 

.30 

LI 

2 

3.5 

3.7 

41 

Do.... 

11 

.03 

.06 

9 

30 

.25 

LO 

3 

3.3 

4.0 

42 

Third 

22 

.06 

.06 

13 

47 

.35 

L3 

3 

3.6 

3.7 

43 

Do.... 

16 

.03 

.06 

9 

26 

.26 

1.3 

2.9 

5.2 

44 

Do.... 

12 

.04 

.08 

11 

36 

.36 

L3 

3.3 

3.7 

45 

Fourth.... 

20 

.04 

.04 

10 

26 

.30 

L4 

2.6 

4.7 

46 

Do.... 

16 

.04 

.06 

9 

30 

.30 

L3 

3.3 

4.3 

47 

Do.... 
Comores: 

12 

.03 

.05 

13 

34 

.40 

L7 

2.6 

4.2 

48 

First  I 

21 

.03 

.04 

8 

27 

.25 

LI 

3.4 

4.4 

49 

Do.... 

16 

.02 

.04 

8 

28 

.20 

LI 

3.6 

5.6 

50 

Do.... 

11 

.02 

.04 

8 

25 

.25 

.8 

3.1 

3.2 

61 

Third  I.... 

10 

.03 

.04 

8 

26 

.20 

L3 

3.2 

6.6 

52 

Do.... 

15 

.03 

.05 

7 

25 

.20 

LI 

3.6 

5.5 

53 

Do.... 

10 

.01 

.04 

6 

21 

.20 

1.0 

3.6 

5.0 

54 

Fourth*.. 

19 

.04 

.07 

10 

36 

.35 

L6 

3.6 

4.6 

56 

Do.... 

14 

.03 

.06 

0 

34 

.30 

L5 

3.8 

6.0 

56 

Do.... 

10 

.03 

.05 

8 

30 

.26 

L3 

3.7 

6.2 

57 

First* 

21 

.04 

.04 

11 

42 

.20 

L3 

3.8 

6.5 

58 

Do.... 

15 

.02 

.03 

7 

24 

.20 

LO 

3.4 

5.0 

50 

Second*... 

15 

.07 

.06 

17 

62 

.35 

2.2 

2 

3.6 

6.3 

60 

Fourth*.. 

15 

.03 

.05 

7 

27 

.30 

LI 

4 

3.9 

3.7 

>  Pomoni,  Aii^onaQ. 


*  (Comoro. 


Digitized  by 


Google 


Table 


154 


2. — Analyses  of  ewtracU  made  from  residues  from  vonilZa 
{Table  1)  hy  soaking  in  60  per  cent  alcohol — Continued. 


e^rads 


1          1 

Vanil- 
lin. 

Nor- 
mal 
lead 
num- 
ber. 

Color  value. 

Per  cent  of 
total  color  In 
lead  filtrate. 

Ratio  of  red  to 
ycUow. 

lan. 

Extract 
(total  color). 

Lead  fil- 
trate. 

Ex- 
tract. 

Lead 

Red. 

Yel- 
low. 

Red. 

Yel- 
low. 

Red. 

Yel- 
low. 

filtrate. 

m. 
15 
16 
15 

30 
17 
12 

20 
14 
10 

Oramt 

lOOoc. 
.04 
.04 
.03 

.04 
.04 
.04 

.03 
.08 
.01 

.05 
.04 
.08 

.08 
.01 

.01 

.00 

.00 

.07 
.01 
.03 

.07 
.00 
.07 

.04 
.07 
.05 

.07 
.06 
.04 

.04 
.04 
.04 

.05 
.06 

.06 

.04 

.04 

.11 
.03 
.06 

13 
15 
10 

11 
13 
11 

6 
8 
6 

7 
7 

4 

7 
8 

15 

1 
1 

17 

4 
0 

41 
46 
33 

40 
48 
40 

24 
30 
25 

29 
28 
23 

23 
29 

46 

6 

6 

62 
21 
32 

.25 
.25 
.20 

.30 
.25 
.25 

.30 
.30 
.25 

.45 
.25 
.28 

.26 
.20 

.26 

.10 

.10 

.50 
.15 
.27 

1.6 
1.6 
1.8 

1.6 
1.6 
1.2 

1.1 
1.7 
1.6 

1.6 
1.4 
1.8 

.0 
.8 

1.3 

.6 

.4 

3.2 

.8 

12 

Per 

cent. 

2 

2 

2 

8 
2 
2 

8 
4 

4 

6 

4 
7 

4 
8 

2 

10 

10 

7 
2 
3 

Per 
cent. 

3.2 
3.1 
3.3 

8.6 
3.7 
3.6 

4.0 
3.7 
4.2 

4.1 
4.0 
6.7 

8.3 
8.6 

3.1 

6.0 

6.0 

6.7 
2.6 
3.4 

&4 
6.4 
6.5 

5.0 
&4 
4.8 

5.6 

6.7 
6.4 

3.6 
6.6 
4.6 

3.6 
4.0 

4.8 

6.0 

4.0 

6.6 
3.0 
4.6 

1  Mayotte. 
DISCUSSION  OF  BESULTS. 

^m  the  three  lengths  of  Ceylon  beans  were  so  abnormal  and 
sltion  as  to  indicate  that  either  the  beans  had  been  cured  by 
IS  or  else  exhausted  and  treated  in  some  manner  to  disguise 
nillin  in  all  of  the  samples  was  abnormally  low,  while  the 
r  left  in  the  lead  filtrate,  while  abnormally  low  in  the  extract 
ns,  was  abnormally  high  in  that  from  the  short  beana  This 
I  in  our  market. 

ange  in  vanillin  content  (0.11-0.31  gram  per  100  cc)  is  some- 
1  has  usually  been  thouc^t  possible.  Leach  states  that  an 
:  as  high  as  0.25  per  c&it  of  vanillin  is  suspicious,  which  is 
^tracts  made  on  a  large  scale,  Just  as  abnormal  percentages 
occur  in  the  milk  of  individual  cows  will  not  be  found  in  the 
herd.  The  extract  from  the  residue  corre^)onding  to  the 
the  maximum  percentage  of  vanillin  (0.31)  gave  0.(H  addi- 
)  total  0.35. 

igure  (0.11)  was  found  in  the  Tahiti  extracts,  which  ^were 
Irled  beans.    Had  dried  beans  be«i  used,  as  is  the  custom  in 
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the  trade,  the  percentages  of  all  the  constituents  would  have  been  materially 
higher. 

Normal  lead  number, — ^The  variation  In  lead  number  (from  0.40-0.74)  is  less 
than  that  of  any  other  of  the  constants.  The  constituents  which  give  the  pre- 
cipitate appear  to  be  ihore  easily  soluble  than  the  vanillin  ai^  color,  the  second 
extraction  yielding  an  average  normal  lead  number  of  only  0.05.  This  deter- 
mination not  only  serves  to  distinguish  a  true  extract  from  a  solution  of 
vanillin,  but  also  is  of  value  in  conjunction  with  the  determination  of  coumarin 
as  a  means  of  detecting  the  presence  of  Tonka  extract. 

Color  values  of  extract  and  lead  filtrate, — ^The  color  appears  to  be  the  most 
variable  and  most  difElcultly  extractable  constituent  As  a  means  of  detecting 
caramel,  the  per  cent  of  color  left  in  the  lead  filtrate  is  most  significant  The 
maximum  found  in  these  samples  (excluding  Ceylon)  was  8  per  cent  red  and 
10  per  cent  yellow,  whereas  one  of  the  samples  colored  with  caramel  sent  otit 
during  the  year  1911  by  Mr.  Hiltner,  as  associate  referee  on  extracts,  gave, 
respectively,  20  per  cent  and  37  per  cent,  and  commercial  extracts  have  given 
similar  figures.  The  ratio  of  red  to  yellow  in  the  extract  and  lead  filtrate  is 
also  of  value,  as  caramel  solution  shows  a  lower  ratio,  or,  in  other  words,  is 
redder.  The  minimum  ratio  found  in  our  extracts  was  1 : 2.3,  as  compared  with 
1 : 1.9  in  Mr.  Hiltner's  sample. 

Per  cent  of  color  insoluble  in  amyl  alcohol. — The  results  corroborate  those 
obtained  in  the  determination  of  the  per  cent  of  color  in  the  lead  filtrate,  with 
the  advantage  that  they  are  not  so  cumbersome  and  do  not  require  a  tintom- 
eter. On  the  other  hand,  this  determination  requires  an  additional  process, 
whereas  the  color  values  of  the  lead  filtrate  are  obtained  incidentally  in  the 
determination  of  vanillin  and  lead  number. 

Influence  of  grade  of  bean  on  the  constants  of  the  extract, — In  the  following 
table  are  given  the  average  figures  for  extracts  from  the  five  grades  of  all  the 
varieties  of  vanilla  beans,  excluding  South  America,  Java,  and  Tahiti,  of  which 
there  were  only  one  or  two  grades,  and  Ceylon,  which  was  abnormal : 


Table  3.- 


-Averages  of  analyses  of  U,  8,  P.  vanilla  extracts  according  to  grade 
of  bean. 


Num- 
ber 
of 
sam- 
ples. 

Vanll- 
Ihi. 

Color  value. 

Per  cent  of 
total  color 

Ratio  of  red 
to  yellow. 

Percent 

Grade  of  bean. 

mal 
lead 
num- 
ber. 

Extract 
(total  color). 

Lead 
mtrate. 

in  lead 
filtrate. 

Ex. 

tract. 

Lead 
fil- 
trate. 

of  total 

color 

Insohible 

in  amyl 

Red. 

Yel- 
low. 

Red. 

Yel- 
low. 

Red. 

Yel- 
low. 

First    

14 
10 
16 
15 
6 

Grams 

aao 
.ao 

.19 
.17 
.15 

a  49 
.53 
.55 
.58 
.69 

34 
31 
32 
35 
35 

77 
93 
104 
113 
111 

1.5 
1.7 
L8 
2.1 
L9 

6.1 
7.3 
7.6 
8.7 
7.5 

Per 
eefU. 

Per 
cent. 

8 
8 
7 
8 
7 

1:3.2 
3.1 
3.3 
3.3 
3.1 

1:4.2 
4.4 
4.3 
4.1 
4.0 

Percent, 
35.7 

Second.  - 

35.3 

Third 

35.7 

26.8 

Fifth 

33.5 

These  figures  show,  from  the  lowest  to  the  highest  grade,  a  marked  increase 
of  vanillin  and  a  marked  decrease  of  normal  lead  number  and  color  value. 
In  this  connection  it  should  be  noted  that  the  Tahiti  extracts,  the  cheapest  of 
all,  while  containing  the  lowest  amounts  of  vanillin,  are  exceptional  in  that 
the  color  values  are  also  lowest,  while  the  normal  lead  numbers  are  inter- 
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mediate.  It  must,  therefore,  be  understood  that  the  concrnslons  reached  are 
relative,  applying  only  to  the  different  grades  of  the  same  or  related  varieties. 
Inflvenoe  of  lenffth  of  hean  on  the  constants  of  the  extract. — ^The  average 
results  of  analyses  of  extracts  from  long,  medium,  and  short  beans,  excluding 
South  American  ^nd  Tahiti,  which  were  not  sorted  by  lengths,  and  C^lon, 
which  were  abnormal,  are  shown  in  the  following  table : 

Table  4. — Averages  of  analyses  of  U,  8,  P.  vanilla  extracts  a^ccording  to  length 

of  hean. 


bean. 

Num- 
ber 
of 
sam- 
ples. 

Vanil- 
lin. 

Nor- 

mal 

lead 

num- 

ber. 

Color  value. 

Per  cent  of 
total  color 

Ratio  of  red  to 
yellow. 

Per 
cent  of 
total 
color 
insolu- 
ble in 
amyl 
alco- 
hol. 

Extract 
(total  color). 

Lead 
filtrate. 

in  lead 
filtrate. 

Ex. 

tract. 

Lead 
fil- 
trate. 

Red. 

Yel- 
low. 

Red. 

Yel- 
low. 

Red. 

Yel- 
low. 

cm. 
ao-23 

15-19 
10-14 

19 
27 
17 

Grams 

tOOec. 

a20 

.18 

.18 

a  52 
.65 
.66 

80 
82 
83 

99 

1.8 
1.7 
2.1 

7.6 
7.2 
8.4 

Per 

cent. 

6 

•  6 

6 

Pn 
cent. 

S 

7 
8 

1:3.3 
3.2 
3.2 

1:4.3 
4.3 
4.1 

Per 

cent. 
26.3 
25.4 
27.8 

A  slight  increase  in  vanillin  and  decrease  in  normal  lead  number  and  color 
values  from  the  shortest  to  the  longest  beans  is  noticeable.  These  differences, 
although  not  marked,  point  to  a  slight  Inferiority  of  the  shorter  beans. 

Vanilla  Extracts  Pbepabed  with  Diffebknt  Menstrua  in  the  Laboratory. 

PREPARATION  OF  EXTRACTS. 

Six  extracts  were  made  from  each  of  three  typical  varieties  of  beans,  viz, 
Mexican,  Bourbon,  and  Tahiti,  using  the  following  menstrua:  (1)  Sixty  per 
cent  alcohol  only;  (2)  60  per  cent  alcohol  and  sugar  (U.  S.  P.) ;  (3)  60  per 
cent  alcohol  and  glycerin ;  (4)  35  per  cent  alcohol  only ;  (5)  35  per  cent  alcohol 
and  sugar;  (6)  35  per  cent  alcohol  and  glycerin.  In  all  cases  two  liters  of 
extract  were  made  from  200  grams  of  the  ground  material. 

The  extracts  made  with  60  per  cent  alcohol  and  sugar  were  the  usual  U.  S.  P. 
preparations,  as  were  also  those  made  with  35  per  cent  alcohol  and  sugar,  except 
as  regards  the  strength  of  the  alcohol. 

In  preparing  the  glycerin  extracts  200  cc  of  glycerin  were  first  mixed  with  the 
ground  beans,  after  which  the  manipulation  was  the  same  as  in  the  IT.  S.  P. 
process,  except  that  the  material,  after  maceration  and  draining  off  the  liquid, 
was  pounded  in  a  mortar  with  200  grams  of  sand  instead  of  sugar.  One  set  of 
these  glycerin  extracts  was  made  with  60  per  cent  alcohol,  the  other  with  35 
per  cent  alcohoL 

The  alcohol  extracts  were  made  with  60  per  cait  and  35  per  cent  alcohol, 
without  the  addition  of  either  sugar  or  glycerin,  the  manipulation  in  these  also 
being  the  same  as  in  the  U.  S.  P.  process,  except  for  the  substitution  of  200 
grams  of  sand  for  sugar. 

The  preparation  of  the  extracts  with  35  per  cent  alcohol,  both  with  and  with- 
out sugar  or  glycerin,  was  highly  unsatisfactory,  owing  to  the  extraction  of 
gelatinous  material,  which  clogged  the  percolators.    It  was  found  necessary  to 
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loosen  up  the  material  repeatedly,  and  as  a  consequence  the  percolate  was  a 
muddy  liquid  containing  seeds  and  other  matters  in  suspension.  These  me- 
chanical impurities  were  partially  removed  by  long  settling  and  filtration  of  the 
supernatant  liquid.  This  process  could  not  be  carried  out  to  advantage  on  a 
commercial  scale,  and  consequently  the  extracts  do  not  represent  products  on 
the  market,  but  rather  abnormal  preparations  useful  in  illustrating  the  effects 
of  diluting  the  alcohol  beyond  a  certain  limit 

In  all  cases  second  extracts  were  prepared  from  the  residues  from  the  first 
extracts  by  soaking  in  60  per  coit  alcohol,  as  already  described. 

ANALYSES  OF  THE  EXTBACT8. 

The  analyses  of  the  first  extracts  appear  in  Table  5,  and  of  the  extracts  made 
from  the  residues  in  Table  6. 

Table  5. — Analyses  of  vatUUa  ewtracts  prepared  with  different  menstrua  in 

the  laboratory. 


Kind  of  bean 
and  mensirotun. 


Va- 
nil- 
lin. 


Lead 


num- 
ber. 


Color  value. 


Extract 
(total 
color). 


Red. 


Yel- 
low. 


Lead 

fll- 

trate.» 


Red. 


Yel- 
low. 


Percent 

of 

total 

color 

in  lead 

filtrate. 


Red. 


Yel- 
low. 


Ratio  of  red 
to  yellow. 


Ex- 
tract. 


Lead 


fll- 
trate. 


Total 

oolor 

insoluble 

inamyl 

alo(^oI 


Mexican: 

60  per  cent  alcohol 

60  per  cent  alccdiol  and 

8ugar(U.  S.  P.) 

60  per  cent  alcohol  and 

glycerin 

35  per  cent  alcohol 

35  per  cent  alcohol  and 

sugar 

35  per  cent  alcohol  and 

glycerin 

Bourbon: 

60  per  cent  alcohol 

60  per  cent  alcohol  and 

sugar  (U.  8.  P.) 

60  per  cent  alcohol  and 

glycerin 

35  per  cent  alcohol 

35  per  cent  alcohol  and 

sugar 

35  per  cent  alcohol  and 

glycerin 

Tahiti: 

60  per  cent  alcohol 

60  per  cent  alcohol  and 

sugar(U.8.  P.) 

00  per  cent  alcohol  and 

glycerin 

35  per  cent  alo(d«oI 

35  per  cent  aloohd  and 

sugar 

35  per  cent  alcohol  and 

glycerin 


Onu. 

IWee. 
a  10 

.10 

.16 
.17 

.17 

.18 

.10 

.10 

.20 
.17 

.17 

.10 

.11 

.11 

.11 
.00 

.09 

.10 


a70 

.65 

.60 
.82 

.70 

.80 

.61 

.57 

.58 
.71 

.66 


.43 
.30 


.44 

.40 


108 
108 

123 

76 

76 
00 
108 

no 

133 
73 

78 

110 

40 

40 

53 
80 

33 

33 


1.8 

2.0 

2.0 
1.8 

2.0 

2.0 

LO 

2.4 

2.0 
1.8 

2.2 

2.4 

.6 

.6 

.7 
1.2 

1.3 


7.1 

8.6 

8.8 
6.6 

7.6 

7.5 

8.2 

lao 

0.6 
7.0 

8.0 

8.4 

2.6 

3.1 

3.3 

4.0 

4.4 
3.3 


Per 

cent, 

5.5 

6.7 

4.0 

5.8 

7.1 

5.0 

6.6 

6.2 

4.7 
6.0 

7.1 

4.8 

4.6 

4.0 

2.0 
8.0 

8.7 

6.0 


Per 

cent. 
6.0 

8.4 

7.2 

8.8 

10.0 

8.3 

7.6 

8.4 

7.2 
0.6 

las 

7.6 

6.5 

7.7 

6.2 
13.3 

13.0 

10.0 


1:3.1 

2.0 

3.0 
2.4 

2.4 

2.3 

3.2 

3.1 

3.1 
2.4 

2.4 

2.2 

8.1 

2.7 

2.2 
2.3 

2.2 

2.0 


1:3.0 
4.8 

4.4 

3.7 

3.8 

8.8 

4.8 

4.2 

4.8 
3.0 

3.6 

8.5 

4.8 

5.2 

4.7 
8.3 

3.4 

3.6 


PereeiU, 
18.0 

24.4 

22.7 
27.8 

38.5 

86.7 

20.5 

26.1 

25.0 
34.6 

46.4 

38.6 

14.3 

16.0 

16.0 
23.8 

28.6 

24.4 


1  Calculated  to  volume  of  extract. 
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Table  6. — Analyses  of  ewtracta  prepared  from  residues  from  vanUla  extracts 

(Table  5)  by  soaking  in  60  per  cent  alcohol. 

(Results  oaloolated  to  Tolmne  of  U.  8.  P.  extract) 


Vanll- 
lin. 

Nor- 
mal 
lead 
num- 
ber. 

Color  value. 

total  odor 

RaUoofredto 
jellow. 

Kind  of  bean  and  menstraum. 

Extract 
(total  color). 

Lead  fil- 
trate. 

In  lead  fil- 
trate. 

Ex- 
tract 

Lead 

Red. 

Yel- 
low. 

Red. 

Yel- 
low. 

Red. 

Yel- 
low. 

flltnta. 

Mexioan: 
60  per  cent  alcohol 

Oramt 
perlOO 

oe. 

0.04 
.04 

.04 
.03 
.03 

.08 

.04 
.04 

.04 
.03 
.06 

.04 

.01 
.01 

.01 
.01 
.01 

.01 

ao7 

.00 

.06 
.06 
.06 

.04 

.06 
.06 

.04 
.06 
.06 

.04 

.03 
.06 

.06 
.03 
.03 

.03 

11 
13 

6 

81 
88 

25 

as 

.3 
.8 

1.1 
1.2 

1.06 

2.7 
2.3 

5.0 

8.5 
3.2 

4.2 

1:2.8 
2.9 

4.2 

1:8.7 

00  per  cent  alcohol  and  sugar. . 
00  per  cent  alcohol  and  glyce- 

4.0 
3.5 

85  per  cent  aloohd 

85  per  cent  aloohd  and  sugar. . 
asber  cent  alcohol  and  giyoe- 

Bourbon: 
60  per  cent  alcohol 

11 
11 

8 

31 
30 

94 

.8 
.35 

.85 

1.2 
1.2 

1.25 

2.7 
8.2 

4.4 

8.0 
4.0 

5.2 

2.8 
2.7 

3.0 

4.0 

60  per  cent  alcohol  and  sugar. . 
60j)er  cent  alcohol  and  ^ce- 

3.4 
3.6 

36  per  cent  alcohol 

35  per  cent  alcohol  and  sugar . . 
35j)er  cent  alcohol  and  glyce- 

Tahiti: 
60  per  cent  alcohol 

6 
8 

4 

10 
29 

13 

.2 
.2 

.2 

.8 

.8 

.85 

3.3 
2.5 

5.0 

4.2 
2.8 

6.5 

3.2 

8.6 

3.2 

4.C 

60  per  cent  alcohol  and  sugar. . 
OOjMToent  alcohol  and  glyce- 

4.0 
4.2 

36  ner  cent  alcohoL 

86  per  oent  alcohol  and  sugar. . 
35j>er  cent  alcohol  and  gljce- 

1 

INFLUENCE  OF  OLYCEBIN   AND   SUGAB   AND   8TBEN0TH   OF  ALCOHOL  ON    COMPOSITIOK. 

When  the  same  strength  of  alcohol  was  employed  the  only  noteworthy  dif- 
ference brought  out  by  analy^s  was  that  the  glycerin  extracts  were  more 
strongly  colored  than  whai  alcohol  alone  or  alcohol  and  sugar  were  used. 
This  explains  in  part  why  glycerin  is  so  much  used  in  the  manufacture  of 
commercial  extracts.  The  percentages  of  vanillin  and  normal  lead  number 
are  practically  the  same  whether  or  not  glycerin  or  sugar  was  used.  The 
color  values  of  the  second  extracts  made  from  the  residues  from  the  glycerin 
extracts  were  lower  than  those  of  the  others,  corresponding  to  the  excess  of 
color  in  the  first  extracts. 

The  difference  in  the  extractive  power  of  60  per  cent  and  85  per  cent  alcohol, 
while  not  noticeable  as  regards  vanillin,  is  marked  as  regards  the  other  con- 
stituents. The  weaker  alcohol  gave  higher  normal  lead  numl>ers,  lower  color 
values  of  the  extract  and  higher  percentages  of  color  remaining  both  in  the 
lead  filtrate  and  insoluble  in  amyl  alcohol. 

Standard  Vanilla  Extract. 
The  following  tentative  limits  of  composition  for  standard  vanilla  extract 
,  (10  grams  of  beans  to  100  cc)  appear  to  be  warranted  by  the  results  obtained: 
Vanillin,  0.10  to  0.35  gram  per  100  cc. 
Normal  lead  number,  0.40  to  0.80. 

Per  cent  of  total  color  in  lead  filtrate,  not  more  than  10  per  cent  red  or  12 
per  cent  yellow. 
Ratio  of  red  to  yellow  in  the  extract,  not  less  than  1 : 2.2. 
Color  insoluble  in  amyl  alcohol,  not  more  than  40  per  cent 
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REPORT  Olf  COCOA  Ain>  COCOA  PRODUCTS. 

By  W.  L.  Dubois,  Associate  Referee. 

The  work  on  cocoa  products  tills  year  was  confined  to  further  testing  of 
the  short  method  for  the  determination  of  ether  extract  which  was  presented 
tit  the  1910  meeting  of  the  association,  and  to  the  determination  of  milk  solids 
In  milk  chocolate. 

I^THEB  Extract  by  the  Proposed  Short  Method. 

A  sample  of  cocoa  was  sent  to  the  collaborators  with  the  following  memo- 
randum : 

INSTRUCTIONS   FOR  COOPERATIVE   WORK. 

The  method  for  the  rapid  determination  of  fat  In  cocoa  products  was  pre- 
sented to  the  association  at  Its  1910  meeting  (see  Bui.  137,  p.  103,  for  statement 
of  method). 

Two  objections  were  brought  against  this  method  by  the  collaborators.  One 
was  that  the  filtering  offered  importunity  for  the  evaporation  of  the  solvent 
and  tended  to  give  high  resulta  It  was  contended  that  If  the  product  were 
centrlfuged  long  enough  and  care  exercised  In  pouring  the  solvent  from  the 
cocoa  material  packed  In  the  bottle,  no  necessity  for  the  use  of  filtering  paper 
would  arise,  it  being  sufficient  to  merely  pour  the  ether  through  a  small  fun- 
nel into  the  burette.  The  experience  of  the  referee  differed  on  this  point,  some 
samples  of  cocoa  seeming  to  pack  well  and  others  appearing  to  have  so  much 
fine  material  that  It  was  almost  Impossible  to  pour  off  the  ether  without  con- 
taminating the  same  with  some  cocoa,  which,  of  course,  would  tend  to  high 
resulta  It  Is  therefore  desired  that  the  collaborators  this  year  test  this  point 
and  report  their  opinion  as  to  whether  filtering  Is  necessary  or  desirable. 

The  second  point  is  regarding  the  effect  of  hot  weather  upon  the  determina- 
tion, two  laboratories  reporting  that  on  very  hot  days  there  was  an  apparent 
evaporation  of  ether.  The  referee  has  not  observed  that  higher  results  were 
obtained  on  warm  days  than  on  cool  days,  but  such  may  be  the  case  In  labora- 
tories where  the  temperature  becomes  quite  high.  It  Is  therefore  desired  that 
the  collaborators  test  this  point  also,  determining  the  fat  In  the  sample  sub- 
mitted under  as  Ideal  conditions  as  regards  temperature  as  possible,  and  also 
on  several  very  warm  days,  noting  the  temperature  of  the  laboratory  each 
time  and  reporting  results  obtained,  together  with  a  statement  of  opinion  as  to 
the  point  under  consideration. 

ANALYTICAL  RESULTS. 

A  table  Is  presented  herewith  to  show  results  obtained  by  the  different  work- 
ers on  this  sample: 

Cooperative  results  on  ether  extract  hy  the  short  method  testing  effeet  of 
temperature  and  necessity  of  filtration. 


Analyst. 


FUtered. 


Not 
filtered. 


By  continiious  ex- 
tnotion. 


Petro- 
leum 
ether. 


Ether. 


Temper- ! 
ature.    i 


Remarks. 


CLLott 

M.G.Albrech.... 

L.C.Mitohen.... 

N.Hendrlokaon.. 


Percent. 
23.00 


33.13 
23.05 
23.56 
23.53 


Percent. 

22.80 

r     23.01 

i     23.04 

22.81 

22.58 


Percent. 


Per  cent. 


\     23.26  f 


20 


27 
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Cooperative  resulta  on  either  ewtract  bp  the  short  method  testing  effect  of 
temperatvre  and  necessity  of  filtration — Ck)ntinued. 


FUtered. 

Not 
filtered. 

By  oontinnous  ex- 
tractkm. 

Temper- 
ature. 

Analyst. 

Petpo- 
letim 
ether. 

Ether. 

Remarks. 

H.  P.  BftMey 

PercenL 
f     24.45 
23.43 
23.43 
23.86 
23.06 
25.07 
24.68 
23.85 
23.20 

Percent, 

Percent. 

PercenL 

•c. 

20.6 

20.5 

22 

24 

24 

29 

29 

X 

22.97 

26 
28 
28 

23.41 

23.00 

22.08 
22.87 
22.64 

Knorr  apparatus;  sam- 

B.D.  MlItllM' 

k 

pie  not  reextracted,  fat 
not  perfectly  clear. 
Johnson   extractor  4 

hours,  «Bt  not  perfeoUy 
clear. 
Leach-HUtner  method. 

*24.'49' 
24.30 

22.64 

18.6 

W.L.Dubois 

29 

Alundum     thimble     in 
Knorr  apparatus. 
Do. 

22.35 

23.37 

COMMENTS  BY  THE  OOLLABORATORS. 

C.  /.  Lett:  It  seems  to  me  important  to  stipulate  that  the  ether  used  In  this 
determination  shall  be  at  room  temperature.  If  measured  from  a  supply  kept 
in  the  refrigerator,  by  the  time  the  ether  assumes  the  temperature  of  the  room 
it  will  have  expanded  considerably  so  as  to  introduce  a  possible  error  from  this 
source. 

L.  C.  Mitchell:  I  see  no  use  in  filtering,  as  the  sample  was  packed  firmly. 

if.  C,  Albrech:  I  have  never  found  it  necessary  to  filter,  as  I  could  always 
get  the  samples  securely  packed  in  the  bottom  of  the  bottle,  so  that  the  fit 
was  entirely  clear  or  was  only  slightly  contaminated  with  cocoa  material.  In 
a  large  number  of  determinations  I  have  frequently  had  one  sample  slightly 
contaminated  with  cocoa  material  and  its  duplicate  entirely  free,  and  there 
would  be  practically  no  difference  in  the  duplicate  results.  I  am  strongly 
opposed  to  filtering  the  ether  solution,  as  I  think  there  is  chance  for  error  and 
evaporation,  which  errors  are  eliminated  by  avoiding  filtration, 

H,  8,  Bailey:  I  find  that  in  ordinary  summer  temperature  (85*  to  90*  F.) 
it  is  Impossible  to  draw  50  cc  of  ether  from  a  burette  into  an  oil  bottle  and 
return  the  same  to  the  burette  without  losing  from  0.5  to  0.75  cc  of  the 
solvent,  and  when  instead  of  an  empty  funnel  a  7  ^m  filter  paper  was  added 
the  loss  was  three  or  four  times  as  great  It  appears  to  me,  therefore,  that  it  Is 
Impossible  to  filter  the  ether  without  Introducing  a  very  appreciable  error  In 
the  determination.  I  think  the  fundamental  Ideas  in  the  method  are  all  right 
and  I  see  no  reason  why  it  should  not  be  adopted  for  rapid  work,  if  Instead 
of  filtering  from  the  bottle  Into  the  burette  this  transfer  be  made  as  quickly  as 
possible,  and  then,  after  noting  the  quantity  of  ether  returned  to  the  burette, 
the  solvent  with  its  fat  will  all  be  filtered  into  the  tared  flask. 

B.  iSf.  Hiltner:  It  is  evident  that  this  method  may  be  relied  upon  if  the  ether 
solution  is  poured  directly  into  the  burette  and  not  filtered,  and  if  the  operation 
is  conducted  at  a  temperature  not  exceedhig  25"*  C.  and  away  from  strong 
drafts.  If  the  extracts  are  filtered  the  results  will  be  erroneously  high.  Per- 
sonally, I  should  prefer  using  a  Johnson  and  Knorr  extractor  and  extracting 
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the  sample  for  four  hoars  or  Imiger,  because  lesa  personal  att^tion  is  required 
and  because  the  method  is  less  sensitive  to  atmospheric  and  temperature 
conditions. 

DISCUSSION. 

From  the  results  obtained  by  the  collaborators  it  is  apparent  that  filtering 
of  the  ftit  solution  is  inadvisable,  and  that  when  this  feature  is  omitted  suffi- 
ciently accurate  results  can  be  obtained  to  make  the  proposition  applicable  to 
cocoa  when  a  determination  is  desired  in  a  short  period  of  time.  The  manipu- 
lation is  doubtless  equal  to  that  involved  in  the  continuous  extraction  method, 
but  the  advantage  of  being  able  to  obtain  a  result  in  shorter  time  remains. 

While  this  method  seems  to  be  satisfactory  for  cocoa,  some  results  have 
been  obtained  in  this  laboratory  during  the  past  year  which  throw  some  doubt 
upon  its  applicability  to  milk  chocolates.  By  referring  to  the  table  of  analyses 
of  milk  chocolates  given  on  page  163  it  will  be  seen  that  the  results  on  ether 
extract  are  considerably  lower  by  the  proposed  method  than  those  obtained 
by  continuous  extraction  with  ether  in  Sohxlef s  apparatus  for  18  hours. 
This  is  iH^ably  due  to  the  inability  of  ether  to  dissolve  all  of  the  butter  fat, 
which  is  doubtless  surrounded,  at  least  in  part,  by  an  envelope  of  proteid 
material  An  experiment  on  milk  powder  alone  by  this  method  gave  results 
which  were  extremely  low.  While  quite  a  number  of  figures  have  been  re- 
ported in  the  past  to  support  this  short  method  as  a  reliable  procedure  for 
the  determination  of  fat  in  milk  chocolate,  it  seems  that  it  may  not  always 
be  above  criticism  whai  applied  to  this  class  of  producta  Some  milk  choco- 
lates will  doubtless  yield  their  total  fat  more  easily  than  others,  depending 
upon  the  method  of  manufacture.  Those  chocolates  which  are  made  by  mixing 
liquid  milk  with  chocolate  liquor  and  evaporating  the  whole  together  wiU 
doubtless  present  the  butter  fat  in  a  more  finely  divided  condition  and  there- 
fore more  easily  extracted  by  the  simple  shaking  with  ether. 

In  view  of  the  several  uncertainties  and  sources  of  error,  it  seems  to  the 
referee  that  the  method  in  question  can  be  recommended  as  only  an  approxi- 
mate one,  to  be  used  in  cases  where  a  quick  determination  is  desired.  It  would 
not  be  his  opinion,  therefore,  that  the  method  should  be  recommended  to  the 
association  for  provisional  adoption  at  this  time. 

SUBSTIT UTION  OF  PETBOLEUlf   ETHEB  FOB  SULPHUBIO  ETHEB. 

Regarding  the  matter  of  fat  determination  in  general  in  cocoa  products,  it 
has  seemed  to  the  referee  for  some  time  that  the  substitution  of  petroleum 
ether  for  sulphuric  ether  would  be  advisable.  A  small  amount  of  the  extract 
obtained  by  sulphuric  ether  seems  to  be  other  than  cocoa  fat  In  a  number  of 
samples  of  cocoa  which  were  extracted  in  the  referee's  laboratory  by  both 
petroleum  ether  and  sulphuric  ether,  a  slightly  higher  result  was  obtained  by 
the  latter.  The  extracted  material,  however,  did  not  completely  redissolve 
in  ether,  a  white  residue  being  apparent  which  was  soluble  in  hot  alcohol.  It 
was  thought  that  this  might  be  theobromin,  which  is  somewhat  soluble  in  sul- 
phuric ether,  but  the  quantity  obtainable  was  so  small  that  attempts  to  crystal- 
lise the  substance  were  unsuccessful.  Theobromin  is  insoluble  in  petroleum 
ether,  and  the  extracts  obtained  with  petroleum  ether  on  the  above  samples 
were  completely  soluble  in  ether,  containing  none  of  this  white  material,  the 
extract  being  apparently  all  cocoa  butter.  Since  cocoa  butter  is  perfectly 
soluble  in  petroleum  ether,  there  would  seem  to  be  no  objection  to  the  substitu- 
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tion  referred  to,  while  it  appears  that  more  accurate  results  are  obtained 
thereby.    Hesults  on  five  cocoas  follow : 

Comparison  of  ether  extract  results  using  sulphuric  and  petroleum  ether. 


e&0r. 

Petioleiim 
ether. 

Percent. 
23.07 
29.39 
28.12 
24.99 
23.15 

Percent, 
22.74 
28.86 
27.52 
24.40 
22.56 

With  petroleum  ether  no  more  fat  was  obtained  by  extracting  the  collabora- 
tive sample  for  twelve  hours  and  then  grioding  and  extracting  an  additional 
four  hours,  than  by  simply  extracting  four  hours  without  regrindlng.  While  this 
was  the  case  with  this  particular  cocoa  sample,  however,  it  might  not  follow 
that  such  a  short  process  would  completely  remove  the  fat  from  such  products 
as  chocolate  and  milk  chocolate,  in  which  cases  the  regrinding  would  prob- 
ably be  necessary.  The  wisdom  of  substituting  petroleum  ether  for  sulphuric 
ether,  however,  would  hold  with  such  products  as  well  as  with  coooa.  The 
referee  would  recommend  that  this  substitution  be  mada 

Milk  Solids  in  Milk  Chocx>latb. 

Attempt  was  made  to  estimate  the  milk  solids  in  milk  chocolate  by  deter- 
mining lactose,  butter  fat,  and  casein.  Lactose  was  determined  by  the  method 
reported  last  year  (Bui.  137,  p.  101)  and  recommended  for  provisional  adop- 
tion; butter  fat  was  estimated  by  determining  the  Reichert-Meissl  number  on 
ether  extract  and  assuming  24  as  the  number  of  butter  in  making  the  calculation. 
It  is  necessary  io  make  some  deduction  for  the  Reichert-Meissl  number  of 
cocoa  butter,  which,  although  small,  is  still  appreciable.  This  number  wa« 
determined  on  several  cocoa  butters  obtained  from  manufacturers  of  cocoa 
products,  and  the  results  are  given  in  the  table.  It  was  first  thought  that  pos- 
sibly the  Koettstorfer  number  would  assist  in  estimating  butter  fat  but  it  was 
found  that  the  small  amount  of  butter  fat  present  would  not  introduce  sufficient 
variation  in  this  number  to  make  it  of  value  in  the  calculation.  The  results 
obtained  on  commercial  cocoa  butters,  however,  are  included  in  the  table: 

Results  on  commercial  cocoa  butters. 


No.  of 
sample. 

Reichert- 
Meissl 
number. 

Koetts- 
torfer 
number. 

10 
11 

0.30 
.20 
.29 
.60 
.20 
.10 
.22 
.10 
.12 
.60 
.61 

195.2 
193.3 
192.8 
193.6 
194.4 
192.4 
193.5 
194.8 
193.8 
193.0 
103.5 
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The  average  of  these  11  Reichert-MeissI  numbers  is  0^,  but  for  the  calcula- 
tions on  chocolate  samples  the  value  0.50  was  taken  as  probably  r^resenting 
a  good  average  of  commercial  cocoa  butter. 

Casein  was  determined  by  extracting  the  fiit  from  8  grams  of  sample  by 
shaking  with  ether,  centrifuging,  and  drawing  off  the  solvent  The  residue 
was  then  treated  three  times  with  80  cc  of  1  per  cent  solution  of  sodium  phos- 
phate (Na«P04),  the  bottle  being  heated  to  60"*  C.  each  time  for  half  an  hour 
and  shaken  from  time  to  time  during  this  interval.  It  was  then  centrifuged 
and  the  supernatant  liquid  poured  into  a  200  cc  flask.  After  the  three  extrac- 
tions the  volume  was  made  up  to  200  cc  and  50  cc  removed  to  a  beaker  to  which 
50  cc  of  water  and  1  cc  of  50  per  cent  solution  of  trichloracetic  acid  were  added, 
the  solution  brought  to  100**  C,  and  the  precipitate  received  on  a  tared  filter, 
washed  with  hot  water,  dried,  and  weighed,  and  the  casein  computed  from  the 
increase  in  weight  This  is  doubtless  a  crude  method  for  making  this  deter- 
mination, since  it  was  impossible  to  obtain  a  precipitate  entirely  free  from  cocoa 
tissue.    The  results  proved  approximate,  however. 

A  sample  of  milk  chocolate  was  prepared  in  the  laboratory  after  the  following 
formula : 

Per  cent. 

Chocolate 28 

Sucrose 36 

Milk  powder 24 

Cocoa  butter 12 

Besides  this  sample,  three  lots  of  milk  chocolate  were  obtained  from  as  many 
manufacturers,  who  stated  the  percentage  of  milk  solids  therein.  Analyses  of 
laboratory  and  commercial  samples  appear  in  the  table : 

Analyses  of  commercial  and  laboratory  samples  of  milk  cfiocolate. 


Kindofchoo- 

Milk 
soUds. 

Lao- 
toae. 

Fat 

Relehert- 
Ifdasl 

number 
(fet). 

Koetta- 
torfer 

number 
(fat). 

Butter 
fot. 

Casein. 

If  Ok 

olftte. 

Sohx. 

Short. 

soUds. 

Laboratory 

Huyler'8 

Per  el. 
24 
10 
17.4 
17»6 

PereL 
10.6 
8.4 
6.07 
6.20 

Peret, 
33.66 
83.02 
33.26 
32.42 

Peret, 
30.16 
80.7 
31.0 
30.6 

6.6 
2.0 
4.6 
4.0 

200 
106.4 
1M.3 
200 

PereL 
7.0 
8.8 
6.6 
4.7 

PereL 
8.8 
2.30 
7.1 
7.2 

PereL 

26.4 

0.1 

Peter's 

18.66 

Peona. ,..,--. 

18.1 

It  would  seem  from  these  results  that  the  milk  solids  calculated  from  the 
determinations  made  are  too  high  in  every  case  but  one.  This  may  be  due  to 
contamination  of  the  casein,  as  pointed  out  before,  but  there  was  not  time  for 
the  referee  to  carry  this  investigation  further. 


REPORT  ON  TEA  AND  COFFEE. 

By  M.  E.  Jaffa,  Associate  Referee, 

In  accordance  with  the  recommendations  of  last  year  the  cooperative  work 
during  the  current  year  on  methods  of  analysis  of  tea  and  coffee  has  been  con- 
fined mainly  to  the  determinations  of  thein  and  caffein.  The  following  chemists 
collaborated  in  the  work:  J.  A.  Cummings  and  F.  C.  Woodruff,  New  York, 
N.  Y. ;  A.  L.  Knlsdy,  Portland,  Oreg. ;  and  G.  R.  Stewart  and  A.  R.  Mehrtens, 
Berkeley,  CaL 
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The  methods  employed  in  making  these  Inyestlgations  are  as  follows : 
Methods  of  Analyses. 

TEA. 

Determination  of  Insoluble  leaf  and  extract. — Method  of  Doolittle  and  Wood- 
rnff.  Proceedings  of  1906,  Bulletin  105,  page  48. 

Determination  of  thein, — 

(1)  Dvorltovitsch  method,  Bulletin  107,  Revised,  page  150;  (2)  Doolittle  and 
Woodruff  method,  Proceedings  of  1906,  Bulletin  105,  page  50;  (3)  Modiflcatloii 
of  Stahlschmidt*s  method :  Boil  6  grams  of  finely  powdered  tea  in  a  flask  with 
several  successive  portions  of  water  for  10  minutes  each,  and  make  up  the 
combined  aqueous  extracts  thus  obtained  to  600  cc  with  water.  Add  4  grams  of 
powdered  lead  acetate  to  the  decoction,  then  boil  for  10  minutes,  using  a  refluix 
condenser  or  making  up  the  loss  by  occasional  addition  of  water.  Then  poor 
the  solution  upon  a  dry  filter  and  evaporate  500  cc  of  the  filtrate,  corresponding 
to  5  grams  of  the  tea,  to  about  50  cc  and  add  enough  sodium  phosphate  to  pre- 
cipitate the  remaining  lead.  Filter  the  solution,  and  thoroughly  wash  the  pre- 
cipitate, the  filtrate  and  washings  being  evaporated  to  about  40  cc.  Finally, 
extract  the  solution  thus  concentrated  with  chloroform  in  a  separatory  funn^ 
at  least  four  times  and  evaporate  the  chloroform  extract  to  dryness,  leaving 
the  caffein,  which  is  dried  to  constant  weight  at  75**  and  weighed. 

Determination  of  caffein, — 

(1)  The  Gorter  method  (Proceedings  in  1910,  Bui.  137,  p.  106) ;  (2)  method 
of  Lendrich  and  Nottbohm  (Zts,  Nahr.  Genussm.,  1909,  17,  241;  Proceedings  of 
1910,  Bui.  137.  p.  107).  The  following  additional  details  were  given  in  the 
direction  for  this  year*s  work  for  the  final  steps  of  the  method:  ''Evaporate 
the  filtrate  and  washings  to  about  50  cc,  make  alkaline  with  sodium  hydroxid, 
and  extract  four  times  with  25  cc,  20,  15,  and  15  cc  of  chloroform.  Evaporate 
in  tared  dish,  dry  for  30  minutes  at  100  C.  and  weigh  as  caffein.  Transfer 
the  caffein  to  a  KJeldahl  fiask  with  a  small  amount  of  hot  water  and  determine 
nitrogen  in  the  residue  as  a  check  on  its  purity.    (NX3.464  equals  caffein.)" 

Analytical  Results. 

Cooperative  work  on  caffein  in  coffee. 


CoUftboraton. 

Sample. 

Gorter  method. 

Lendrich  and  Nottbdho 
method. 

Gravi- 
metric. 

NX  8.464. 

Oravl- 
metric 

NX  3.461. 

J.  A.  Cummings,  New  York, 
N.  Y. 

1.  Decaffinated 

PereenL 
0.43 
.40 
.36 
1.50 
1.67 
1.78 
1.60 
1.42 
1.44 
1.48 
1.62 
1.40 
.67 
.48 
1.57 
1.64 
1.37 
1.35 
1.40 
1.46 

1.50 
1.67 

PereenL 

PereenL 

ai3 

.15 

PeretnL 
0.00 

2.  Costa  Rica 

0.15 
.10 
1.25 
1.23 
1.26 

.56 
.77 

57 

3.  Java 

.76 

.06 
1.05 

.04 

4.  Mocha 

1.16 

1.18 

1.12 

.  1.22 

1.10 

.15 

.15 

1.22 

1.26 

1.13 

1.12 

1.00 

1.15 

1.24 
1.20 

1.01 

.84 
1.10 

.80 

1.  Decaffinated 

1.10 

O.  R.  Stewart  and  A.  R. 

.11 
.12 
.62 
.71 
.78 
.62 
.54 
.56 

.86 
.80 

.00 

Mehrtens,  Beckeley,  Cal. 

2.  Costa  Rica 

.08 
.57 

3.  Java 

.65 

.74 

4.  Mocha 

.60 
.51 

6.  Salvador 

.80 

.80 
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Cooperative  work  on  tea. 


Sample. 

DooUttto  and  Woodruff 
method. 

method. 

Hodifled 

Btahlachmidt 

method. 

Collaborators. 

Insol- 
uble 
leaf. 

Cafleln. 

CaflUn. 

OttttbL 

Oravl- 
metrio. 

NX 

3.464. 

Gravi- 
metric. 

NX 
3.464. 

Gravi- 
metric. 

NX 
8.464. 

F.  0.  Woodruff.  New 

6.  EngUsh    Break- 
test 

7.  Oolong 

Peret. 
44.9 
46.1 
46.2 
46.8 

'"64.42" 
64.76 
48.76 
48.58 
62.35 
62.30 
47.24 
47.32 

Peret. 
2.77 
2.93 
3.29 
3.05 
3.15 
2.06 
1.74 
1.92 
1.93 
2.90 
2.92 
2.99 
3.28 
3.22 

Peret. 

Peret. 

Peret, 

Peret. 
3.38 
3.22 
3.73 
3.63 

Peret. 

York.N.Y. 

2.90 

0.  EngUsh     Break- 

ftwt. 
7.  Oolong 



3.19 

A.  L.  Kntoely,  Port- 
landyOreg. 

"2.*3i* 
2.44 
2.90 
3.21 
3.16 

1.96 
Lost. 
1.91 
1.74 
2.74 
2.63 
8.30 
8.81 

"*2.*66* 
2.52 
3.06 
3.16 

2.94 
Lost. 
3.16 
3.17 
3.01 
3.00 
8.36 
8.36 

2.70 
2.98 

O.K.  Stewart  and  A.  R. 
Mghrtens,  Berkeley. 

0.  EngUsh     Braak- 

fast: 
7.  Oolong 

2.96 
2.84 
2.88 
3.24 

3.24 

Comments  of  Collaborators. 


ON   COFFEE. 


/.  A,  CvmnUnffs:  Commenting  on  the  Goiter  and  the  Lendrich  and  Nottbohm 
.methods  for  the  determination  of  caffein  in  coffee  I  would  say  that  the  Gorter 
method  is  the  shorter,  but  it  jrields  impure  caffein,  due  to  some  colored  Bub- 
stance  which  remains  in  solution  after  the  cotton  plug  filtration.  It  was 
difficult  in  carrying  out  the  Lendrich  and  Nottbohm  method  to  get  rid  of  the 
manganese  dioxid  by  filtration,  as  some  of  it  washed  through  the  paper.  It 
seems,  too,  that  the  carbon  tetrachlorid  extraction  in  this  method  yields  a 
smaller  percentage  of  caffein  than  does  the  chloroform  extraction  in  the 
tjtorter  method.  One  explanation  may  be  that  the  time  for  extraction  in  the 
Lendrich  and  Nottbohm  method  is  not  long  enough  for  the  complete  extraction 
of  the  large  amount  of  coffee  used. 

F.  O.  Woodruff:  In  the  Doolittle  and  Woodruff  method  for  insoluble  extract 
much  time  Is  saved  by  a  preliminary  filtration  through  linen,  after  which  the 
filtrate  is  warmed  and  passed  through  the  tared  paper,  the  Insoluble  residue 
being  finally  transferred  to  the  tared  filter  and  washed  with  repeated  portions 
of  hot  water. 

G.  R,  Stewart  and  A.  B,  Mehrtem:  In  this  year's  work  on  the  coffee  samples 
the  Gorter  method  was  found  to  be  quite  as  satisfactory  as  before  in  regard  to 
ease  and  rapidity  of  manipulation,  but  we  believe  that  the  results  clearly  show 
that  the  gravimetric  determinations  can  not  be  taken  as  the  final  result  in 
any  case,  owing  to  the  impure  caffein  obtained.  No  good  reason  is  therefore 
apparent  for  making  this  preliminary  weighing,  as  it  would  be  far  more 
expeditious  to  transfer  the  chloroform  extract  directly  to  the  KJeldahl  flask 
and  proceed  with  the  determination  of  the  nitrogen.  The  results  by  the  Len- 
drich and  Nottbohm  methods  were,  with  one  exception,  obtained  by  a  three 
hours'  extraction  with  carbon  tetrachlorid,  as  directed  in  the  outline.  The 
nniformly  low  amount  of  caffein  extracted  showed  clearly  that  the  three- 
hour  period  of  extraction  was  insufficient  A  six-hour  extraction  was  therefore 
made  on  sample  No.  4,  Mocha  coffee,  and  it  will  be  observed  that  the  result 
agrees  closely  with  those  obtained  by  the  Gorter  method.  Unfortunately,  lack 
of  time  prevented  the  repetition  of  the  work  on  the  entire  series  of  coffees. 
It  is,  however,  evident  that  either  the  time  of  extraction  should  be  doubled 
or  the  amount  of  sample  decreased  to  10  grams,  there  being  no  reason  why  that 
amount  should  not  be  sufficient  for  an  accurate  determination. 
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The  purity  of  the  caffeln  extracted  by  this  method  is  clearly  shown  by  the 
results  obtained.  It  is  believed  that  further  work  is  warranted  by  this  latter 
modification  if  it  is  desired  to  perfect  a  method  which  will  yield  satisfactory 
gravimetric  results. 

ON  TBA« 

G,  R.  Stewart  and  A.  B,  Mehrtens:  In  the  Doolittle  and  Woodruff  method  for 
insoluble  leaf  great  difficulty  was  experienced  in  completing  the  determination 
in  a  reasonable  length  of  time.  Between  two  and  three  days  were  consumed 
in  filtering  and  washing  the  residue.  For  the  sake  of  accuracy  it  was  thought 
necessary  to  use  S  &  S  No.  575  hardened  filters.  Even  these  papers  were  com- 
pletely disintegrated  on  subsequent  drying,  so  that  a  considerable  error  appears 
to  have  been  introduced  from  the  continued  solvent  action  of  the  hot  water. 
It  does  not  seem,  therefore,  that  the  method  is  workable  in  its  present  form. 

In  l>oth  the  Doolittle  and  WoodruCT  and  the  Dvorkovitsch  methods  for  the 
determination  of  caffeln  in  tea  it  was  found  that  three  extractions  did  not 
yield  all  the  caffeln  present  In  solution.  Five  portions  of  chloroform,  consist- 
ing of  50,  25,  25,  20,  and  20  cc,  respectively,  were  used  in  the  Doolittle  and 
Woodruff  method,  and  five  portions  of  chloroform  consisting  of  100,  100,  75,  75, 
and  75  cc,  respectively.  In  the  Dvorkovitsch  method. 

It  Is  felt  that  the  modified  Stahlschmidt  method  Is  open  to  criticism  on  ac- 
count of  the  appreciable  error  Introduced  by  refiuxlng  a  measured  volume  from 
which  an  aliquot  Is  afterwards  taken,  there  being  no  way  to  absolutely  prevait 
loss  of  water,  which  adheres  to  the  condenser,  stopper,  and  neck  of  fiask.  In 
other  respects,  facility  of  extraction,  etc.,  this  method  was  found  to  be  a  readily 
workable  one. 

Recommendations. 
It  Is  recommended — 

(1)  That  the  Gorter  method  for  the  determination  of  caffeln  in  coffee  be 
further  studied  with  a  view  to  adopting  It  as  official.  The  particular  line  of 
work  referred  to  Is  the  comparison  of  the  gravimetric  determination  of  caffeln 
with  the  result  obtained  by  determining  the  nitrogen  and  multiplying  by  the 
factor  3.464,  as  it  appears  from  the  work  here  re])orted  that  the  results  by 
the  gravimetric  method  are  uniformly  too  high. 

(2)  That  the  Lendrlch  and  Nottbohm  method  be  further  Investigated.  This 
further  study  would  consist  in  modifying  the  method  so  as  to  use  smaller 
samples — say,  10  grams  instead  of  20 — and  the  time  of  extraction  be  increased, 
say,  from  3  hours  to  6  houra  The  reason  for  further  studying  this  method 
Is  because  the  purity  of  caffeln  extracted  by  the  Lendrich  and  Nottbohm  method 
is  very  clearly  indicated  by  the  results  obtained. 

(3)  That  the  Doolittle  and  Woodruff  method  as  given  in  Bulletin  105,  page 
49,  should  be  modified,  as  great  difficulty  was  experienced  by  the  different 
analysts  In  filtering  and  washing  the  residue. 

(4)  That  the  Doolittle  and  Woodruff  method  and  the  Dvorkovitsch  method 
for  the  determination  of  theln  and  caffeln  be  further  modified  with  reference 
to  the  number  of  extractions,  as  three  extractions  did  not  yield  all  the  caffeln 
present 

(5)  That  since  the  modified  Stahlschmldt*s  method  Is  open  to  criticism  on 
account  of  the  appreciable  error  introduced  by  refiuxlng  a  measured  volume 
from  which  an  aliquot  is  afterwards  taken,  a  slight  modification  should  be  made 
to  render  this  method  readily  workable. 

(6)  It  is  further  recommended  that  no  permanent  changes  be  made  in  the 
methods  until  further  study  has  been  conducted  along  the  lines  indicated. 
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The  following  brief  report  was  submitted  by  Mr.  Mitchell  at  Mr. 
Barnard's  request: 

REPORT  ON  PRESERVATIVES. 
By  H.  B.  Basnabd,  Aaaociate  Referee, 

Early  in  the  spring  a  circular  letter  was  sent  to  each  collaborattQg  chemist 
requesting  the  following  information : 

(1)  Are  any  new  preservatives  being  used  in  foodstuffs,  as  is  constantly  re- 
ported to  be  the  case  by  rival  manufacturing  interests? 

(2)  What  preservatives  are  employed  in  foodstuffs? 

(3)  Is  the  method  for  the  estimation  of  benzoic  acid  satisfactory? 

(4)  Is  the  method  for  the  estimation  of  salicylic  acid  satisfactory? 

(5)  Is  the  method  for  the  estimation  of  borax  satisfactory? 

(6)  Do  you  consider  saccharin  to  be  a  preservative? 

(7)  Is  beta-naphthol  used  as  a  preservative,  and  is  there  a  satisfactory 
method  for  its  estimation? 

(8)  Are  the  fluorids  used  as  a  preservative  and  are  there  satisfactory 
methods  for  their  detection? 

(9)  Are  the  peroxlds  used  as  preservatives  and  are  there  satisfactory 
methods  for  their  detection? 

(10)  Along  what  lines  can  we  best  work? 

From  the  responses  to  this  inquiry,  which  was  answered  quite  fully  by  each 
collaborator,  I  was  able  to  tabulate  the  following  data : 

(1)  The  methods  employed  for  the  estimation  of  benzoic,  salicylic,  and  boric 
acid  are  satisfactory. 

(2)  No  new  preservatives  are  being  employed  in  the  preservation  of  food- 
stuffs. 

(3)  Beta-naphthol  Is  not  employed  In  the  preservation  of  foodstuff  a 

(4)  Saccharin,  while  not  a  true  preservative,  is,  probably  because  of  im- 
purities present,  of  some  value  in  inhibiting  spoUage,  and  for  that  reason  is 
classed  by  all  the  collaborators  as  a  preservative. 

(5)  The  methods  for  the  estimation  of  saccharin  are  not  satisfactory. 

(6)  Several  collaborators  express  the  opinion  that  the  use  of  formic  acid  and 
its  detection  and  estimation  should  be  given  attention. 

(7)  One  collaborator  suggests  that  nitrates  and  sodium  silicate  sometimes 
used  as  a  substitute  for  borax  in  ice-cream  cones,  and  calls  atttention  to  the 
fact  that  methods  for  the  examination  of  such  products  are  not  generally  given. 

These  data  were  sent  to  all  collaborators  in  August  with  the  suggestion  that 
their  work  should  be  directed  to  the  development  of  definite  methods  for  the 
detection  and  estimation  of  formic  acid.  Thus  far  no  data  have  reached  me,  and 
it  is  not  probable  that  any  work  of  importance  has  yet  been  done  along  the 
lines  suggested.  In  view  of  the  facts  developed  through  correspondence  with 
collaborators  and  other  food  chemists,  I  am  of  the  opinion  that  no  more  work 
is  for  the  present  necessary  in  the  study  of  methods  for  the  estimation  of  l>or]c 
acid,  salicylic  acid,  the  fluorids,  formaldehyde,  and  sulphurous  acid.  Investi- 
gations are  still  being  continued  with  respect  to  benzoic  acid  and  its  salts,  and 
the  data  should  be  reviewed  by  referees  on  the  subject  of  food  preservatives 
who  may  have  charge  of  this  work  in  the  future. 

REPORT  ON  WATER  IN  FOODS. 

By  ECebman  C.  Lythgoe,  Associate  Referee. 

It  has  been  found  by  different  analysts  that  In  many  cases  there  is  a  darken- 
ing of  the  sulphuric  acid  in  the  vacuum  method  of  determining  water  in  food. 
This  is  true  of  substances  other  than  spices.  H.  O.  Gore  has  found  that  the 
acid  is  to  some  extent  volatilized  and  is  found  in  the  sample,  possibly  causing 
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some  change  in  Its  composition.  It  is,  therefore,  recommended  that  the  asso- 
ciate referee  for  1912  make  a  study  of  the  vacuum  method,  using  different 
dehydrating  agents. 

MBTHODS  OF  ANALYSIS  OF  FRUIT  PRODUCTS. 

By  A,  B.  Paul. 

The  ordinary  examination  of  Jams  and  similar  fruit  products  includes  the 
following  determinations:  Solids,  soluble,  insoluble,  and  nonsugar;  sucrose; 
reducing  sugars;  glucose;  polarization,  direct,  invert,  and  at  87'  C;  ash  and 
its  examination;  acids;  soluble  phosphoric  acid;  preservatives  and  color.  In 
following  strictly  the  methods  described  in  Bulletin  107,  Revised,  separate  por- 
tions must  be  weighed  out  for  the  following:  Solids,  Insoluble  solids,  reducing 
sugars,  polarization,  and  ash.  Reducing  sugars  are  determined  in  a  solution 
clarified  with  lead  subacetate  solution,  while  the  polarizations  are  carried  out 
with  the  use  of  normal  lead  acetate.  In  both  cases  the  reagent  is  added  to  a 
solution  which  in  most  cases  contains  considerable  free  acid.  Normal  lead 
acetate  solution  under  these  conditions  is  entirely  unsatisfactory.  On  the 
other  hand,  adding  the  subacetate  to  such  a  solution  amounts  to  neutralizing 
the  acidity  of  the  fruit  product  with  the  lead  solution  before  the  reagent  has 
any  effect  By  first  neutralizing  with  sodium  hydroxid,  only  a  few  cubic  centi- 
meters of  the  lead  solution  will  be  required.  Minimizing  the  amount  of  lead 
used  minimizes  the  amount  of  potassium  oxalate  necessary  for  its  removaL 
This  is  important,  for  the  reason  that  in  inverting  with  hydrochloric  acid  an 
amount  of  this  reagent  equivalent  to  the  potassium  oxalate  present  will  be  ren- 
dered practically  inert,  it  being  replaced  by  an  equivalent  of  oxalic  and  acetic 
acids. 

The  method  for  total  solids  is  very  unsatisfactory,  and  the  modifications  de- 
scribed in  the  Proceedings  of  1910  leave  the  matter  in  an  unsettled  condition. 

No  method  for  determining  phosphates  is  described  for  the  class  of  substances 
under  consideration. 

Applied  to  Jelly  powders  which  usually  contain  large  i)ercentages  of  gelatin, 
the  methods  for  polarization  and  sugars  are  practically  useless.  All  of  these 
difficulties  are  overcome  by  proceeding  as  follows : 

Jams,  Mabmalades,  Fresh  and  Canned  Fruits. 

Preparation  of  sample. — Unless  the  container  is  very  large,  reduce  to  a  pulp 
the  entire  contents  by  grinding  in  a  large  mortar.  If  the  container  is  too  large 
stir  contents  thoroughly  and  grind  a  suitable  quantity.  Two  portions  of  this 
are  used  in  the  analysis,  one  for  the  determination  and  examination  of  ash,  the 
other  for  all  of  the  other  determinations. 

Ash;  ash  soluble  in  water;  ash  insoluble  in  water;  alkalinity  of  soluble  ash; 
alkalinity  of  insoluble  ash;  ash  insoluble  in  hydrochloric  acid, — Determine  ac- 
cording to  the  official'  methods  on  the  same  5  to  10  gram  sample. 

Insoluble  solids. — Weigh  50  grams,  stir  In  previously  boiled,  warm,  distilled 
water,  very  gradually  at  first,  then  more  rapidly,  transferring  to  a  250  cc 
measuring  flask,  finally  filling  to  the  mark.  Let  stand  at  least  one  hour,  shak-^ 
ing  frequently.  When  cold,  again  fill  to  mark.  Strain  through  a  fine  muslin,' 
returning  liquid  to  fiask.  Aliquots  of  this  solution  are  used  for  all  the  deter- 
minations described  below. 

Wash  insoluble  material  repeatedly  and  thoroughly  upon  the  cloth,  transfer 
to  an  aluminum  dish  provided  with  a  cover  and  dry  to  constant  weight  in  a 
Jacketed  steam  oven.  In  each  case,  cover  the  dish  before  removing  from  the 
oven.    Weigh  quickly.    Discard  the  washings. 

Soluble  solids. — Calculate  from  specific  gravity  of  solution  from  insoluble 
solids,  at  room  temperature,  according  to  the  tables  In  Bulletin  107,  Revised, 
pages  66  and  67. 
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Acids. — Place  50  cc  of  the  solution  from  the  insoluble  solids  in  a  100  cc  meas- 
uring flaslc.  Add  phenolphthalein  and  titrate  with  tenth-normal  sodium  hy- 
droxid. 

Polarization  direct;  polarization  invert;  polarization  invert  at  87*  C; 
sucrose;  glucose;  nonsugar  solids. — To  the  neutralized  solution  from  "acfds" 
add  slight  excess  of  basic  lead  acetate  solution.  Bulletin  107,  Revised,  page  40, 
and  a  little  alumina  cream.  Fill  to  the  mark,  shake,  and  filter.  Then  proceed 
according  to  the  official  methods. 

Reducing  sugars. — ^Determine  in  3  cc  of  the  solution  used  for  "  Polarization 
direct"  by  Munson  and  Walker,  Bulletin  107,  Revised,  page  242. 

Soluble  phosphoric  acid. — To  50  cc  solution  add  1  cc  of  10  per  cent  sodium 
hydroxid  solution,  evaporate  to  dryness  and  ignite  at  a  dull  red  until  practically 
all  carbon  is  consumed.  Dissolve  in  dilute  nitric  acid,  and  proceed  according  to 
Bulletin  107,  Revised,  page  3,  near  top. 

Preservatives. — Extract  50  cc  of  the  solution  according  to  Bulletin  107,  Re- 
vised; weigh  the  dried  residue  and  divide  into  two  parts.  To  one  add  ferric 
eWorld ;  to  the  other  apply  Helde  and  Jacob's  modification  of  Mohler's  test 

If  necessary,  repeat  according  to  the  provisional  method  described  In  Bulletin 
137.  page  111. 

Jeixiks. 

Prepare  sample  as  directed  for  "  Jams,  etc.."  omitting  directions  under  "  In- 
soluble solids." 

Fbuit  Juices. 

Proceed  as  In  the  case  of  "Jellies,"  using  the  undiluted  material  or  a  suitable 
dilution,  depending  upon  the  consistency  of  the  product 

Gelatin  Mixtuees,  Jelly  Powdebs,  etc. 

Sucrose. — In  a  100  cc  flask  dissolve  the  normal  weight  of  the  product  In  about 
50  cc  water.  Dissolve  In  about  25  cc  water  an  amount  of  pure  tannic  acid  equal 
to  twice  that  of  gelatin  present.  Add  to  the  solution  In  the  fiask.  Fill  to  the 
mark  and  shake.  Filter  through  a  loose  filter  until  50  cc  have  been  obtained. 
To  this,  in  a  100  cc  measuring  flask  add  3  cc  of  lead  subacetate  solution  (Bui. 
107,  Rev.,  p.  40)  for  each  1  gram  of  tannin  present  a  little  alumina  cream,  and 
water  to  make  100  cc.  Shake  and  filter.  Free  from  lead  with  potassium 
oxalate,  filter ;  polarize  and  calculate  sucrose  according  to  Clerget 

Gelatin. — Determine  nitrogen  by  the  KJeldahl  or  Gunning  method  and  calcu- 
late to  gelatin,  using  the  factor  5.55. 

The  following  committee  reports  were  made  by  Mr.  Tolman,  as 
chairman. 

Standardization  of  alcohol  tables. — It  will  be  recalled  that  the  tables  awwoved 
by  the  committee  and  by  the  Bureau  of  Standards  were  provisionally  adopted 
by  the  association  last  year,  more  definite  action  having  be«i  deferred  pend- 
ing the  decision  of  the  committee  on  revision 'of  the  Pharmacopoeia.  (Bui.  137, 
p.  48.)  No  action  having  been  taken  by  the  latter  committee  In  the  year  past 
no  further  progress  can  be  made  by  the  committee  of  the  association  at  the 
present  time,  and  it  is  therefore  recommended  that  the  committee  be  discharged. 

The  report  was  received  and  the  committee  discharged  as  recom- 
mended. 

Unification  of  methods  of  analysis  of  fats  and  oils. — It  was  found  to  be  Im- 
possible to  get  a  Joint  meeting  of  the  various  committees  appointed  on  the 
standardization  of  methods  by  the  different  associations,  but  It  Is  hoped*  that  in 
1012  at  the  meeting  of  the  Eighth  International  Congress  of  Applied*  Chemistry 
such  a  Joint  meeting  may  be  arranged  by  the  collaboration  of  the  sections  of  the 
congress,  and  the  work  be  well  organized.  It  Is  recomm^ided,  therefore,  that 
the  committee  be  continued. 
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The  report  was  received  and  the  committee  continued  as  recom- 
mended. 

As  chairman  of  the  committee  on  cooperation  with  other  agricul- 
tural organizations,  Mr.  Wiley  made  the  following  report: 


REPORT  OF  COMMITTEE  ON  COOPERATION  WITH  OTHER  AGRICUL- 
TURAL ORGANIZATIONS. 

By  H.  W.  Wdley,  Chairman, 

The  following  resolution  and  agreement  and  the  constitution  proposed  to 
effect  the  afDllatlon  of  societies  interested  in  agricultural  science  are  submitted 
for  the  information  of  this  association: 

A  Pboposed  Affiliation  of  Societies  Oroanized  fob  the  Advancement  or 

Ageicxjltural  Science. 

besolution  and  agreement. 

The  authorized  representatives  of  the  associations  and  societies  relating  to 
agricultural  science  present  at  a  meeting  held  in  Washington,  D.  C,  Noveml>er 
16,  adopted  the  following  resolution  and  constitution : 

Resolved,  That  in  order  to  promote  common  objects  and  Interests  there  ia 
special  need  of  an  affiliation  of  the  various  societies  in  North  America  which 
have  for  their  objects  the  advancement  of  agriculture  through  scientific  re- 
search : 

That,  therefore,  the  undersigned  representntives  of  the  Association  of  Amer- 
ican Agricultural  Colleges  and  Experiment  Stations,  American  Association  of 
Economic  Entomologists,  American  Association  of  Farmers*  Institute  Workers, 
American  Breeders'  Association,  American  Phytopathological  Society,  American 
Society  of  Agronomy,  American  Society  of  Animal  Nutrition.  Association  of 
Dairy  Instructors.  Association  of  Horticultural  Inspectors,  Association  of  Offl- 
clal  Agricultural  Chemists,  Society  for  Horticultural  Science,  and  Society  for 
the  Promotion  of  Agricultural  Science  hereby  agree  to  affiliate  under  the  follow- 
ing constitution,  subject  to  ratification  at  the  first  regular  session  held  by  the 
societies  mentioned  subsequent  to  this  date: 

CONSTITUTION. 

Article  I.  Name. 

The  name  of  this  organization  shall  be  the  Affiliated  Societies  of  Agricultural 
Science. 

Article  II.  Purpose. 

The  purpose  of  the  affiliation  shall  be  to  promote  the  common  interests  of  the 
adhering  societies,  arrange  periodically  for  a  common  place  and  time  of  meet- 
ing, promote  economy  and  efficiency  in  publications,  and  otherwise  to  encourage 
cooperation  In  the  advancement  of  agriculture  through  scientific  research. 

Article  III.  Membership. 

The  organization  shall  consist  of  national  societies  which  have  for  their 
prime  object  the  advancement  of  agriculture.  The  societies  mentioned  in  the 
accompanying  resolution  shall  be  charter  members.  Additional  societies  may 
be  admitted  at  any  general  meeting  of  the  affiliated  societiea 

Article  IV.  Organization. 

The  general  business  of  the  organization  shall  be  in  charge  of  a  council  to 
consist  of  one  member  elected  biennially  by  each  adhering  society. 
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The  ofRcers  of  the  council  shall  be  a  president,  a  vice  president,  a  secretary, 
and  a  treasurer,  who  shall  serve  for  six  months  after  their  successors  are 
elected.    These  officers  shall  constitute  the  officers  of  the  organization. 

Article  V.  Meetings. 

A  general  meeting  of  the  affiliated  societies  shall  be  held  at  least  biennially, 
at  a  time  and  place  to  be  determined  by  the  council  Any  adhering  society 
may  hold  meetings  at  such  times  and  places  as  it  may  select,  but  so  tsLV  as 
practicable  all  should  meet  together  biennially. 

Article  VI.  Autonomy. 

Each  society  shall  retain  its  organization  and  shall  have  entire  control  of  the 
election  of  its  members  and  officers  and  all  other  matters  not  specifically  dele- 
gated by  it  to  the  council  of  the  affiliated  societies. 

Article  VII.  Annual  duea 

Each  society  upon  becoming  a  member  of  the  organization  shall  pay  to  the 
treasurer  of  the  council  a  pro  rata  sum,  not  to  exceed  $1  for  each  of  its  mem- 
bers, and  a  similar  amount  thereafter  annually,  the  amount  in  each  case  to  be 
fixed  by  the  council.  The  fiscal  year  of  the  affiliated  societies  shall  coincide 
with  the  calendar  year. 

Article  VIII.  Publicationa 

The  Proceedings  of  the  various  societies  may  be  issued  individually,  but  all 
should  conform  to  a  uniform  style  of  page,  paper,  and  type,  ki  order  that  they 
may  constitute  uniform  parts  of  a  set  of  Transactions  of  the  Affiliated  Societie& 

The  council  may,  upon  the  approval  of  the  adhering  societies,  superintend 
the  publication  of  their  Proceedings  and  employ  a  general  editor  to  cooperate 
with  the  editors  of  the  various  societies  in  securing  uniformity,  economy,  and 
efficiency. 

The  council  may  arrange  for  the  periodical  publication  of  a  Journal  of  agri- 
cultural science,  to  contain  reports  In  abstract  of  the  meetings  of  the  societies, 
brief  notices,  reviews,  and  contributions  of  general  interest  to  the  members  of 
the  affiliated  societies  and  for  the  interchange  of  ideas  on  important  problems 
of  the  day  relating  to  agricultural  science,  this  Journal  to  be  issued  to  members 
at  a  subscription  price  to  be  fixed  by  the  council 

Article  IX.  Amendmenta 

Amendments  to  this  constitution  may  be  made  at  any  general  session  of  the 
affiliation  upon  the  recommendation  of  the  council,  provided  that  60  days'  notice 
of  the  proposed  amendments  has  been  given  to  the  president  and  secretary  of 
the  adhering  societies. 

Article  X.  By-laws. 

The  council  shall  formulate  and  adopt  a  set  of  by-laws  to  govern  its  actions 
under  this  constitution. 

It  will  be  seen  that  the  proposed  affiliation  aCTects  in  no  way  the  organiza- 
tion of  the  separate  societies  and  would  seem  to  be  of  value  in  unifying  the 
work.  Only  one  section  of  the  constitution  calls  for  special  consideration, 
namely.  Article  VII,  on  annual  dues.  I  recommend  on  behalf  of  the  committee 
that  the  report  be  referred  to  the  executive  committee  of  the  association,  with 
power  to  act,  except  that  they  shall  not  alter  into  any  financial  agreement  be- 
fore reporting  to  the  association  at  the  next  meeting. 

The  report  was  accepted  and  the  recommendation  adopted. 
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PRESIDENT'S  ADDRESS. 
By  F.  W.  WoLL. 

The  present  convention  is  the  twenty-eighth  annual  meeting  which  oar  asso- 
ciation has  held.  As  we  look  back  upon  the  work  accomplished  in  the  past  it 
is  a  source  of  great  satisfaction  to  be  able  to  feel  that  our  association  has  been 
a  most  important  factor  in  the  development  of  agricultural  chemical  analysis 
and  of  agricultural  science  in  this  country.  All  who  are  conversant  with  the 
conditions  as  they  existed  In  the  early  eighties  and  as  they  are  to-day  know  that 
this  statement  is  fully  Justified.  Looking  back  to  the  former  period,  we  find«  in 
the  words  of  our  secretary,  that  "  the  few  chemists  who  were  engaged  in  agri- 
cultural research  were  acting  in  complete  independence  of  each  other  In  regard 
to  methods  of  investigation  and  of  research.  Some  of  them  were  using  the 
methods  employed  by  German  chemists,  while  others  followed  the  instruction 
given  by  the  French  or  English  agricultural  chemists.  There  was  no  unity  of 
interest  in  the  profession,  nor  any  common  system  of  work.  The  condition  of 
analytical  work  may  l>e  truly  described  as  chaotic  The  result  of  such  condi- 
tion is  easily  imagined.  There  was  no  standard  of  comparison  or  reference. 
Buyers  and  sellers  were  continually  wrangling  over  analyses  which,  made  by 
different  men  following  different  methods,  did  not  agree.  The  sellers*  chemists 
uniformly  obtained  higher  results  than  the  buyers',  and  thus  the  door  of  liti- 
gation was  constantly  open.*" 

The  difference  between  the  past  and  the  pres^it  is  marked  all  along  the  line. 
We  can  not  point  to  one  of  the  criticisms  of  the  conditions  as  they  existed 
that  is  not  practically  removed  at  the  present  time,  and  the  credit  for  the 
progress  made  belongs  largely  to  our  association.  It  has  been  the  central 
force  that  has  made  the  progress  and  Improvement  In  the  methods  of  analysis 
and  of  research  bearing  on  agricultural  chemical  problems,  and  In  the  rela- 
tions of  our  agricultural  chemists  to  each  other  and  to  their  brethren  engaged 
in  industrial  work.  Hence  we  may  have  a  pardonable  pride  at  the  contempla- 
tion of  the  work  which  our  association  has  been  able  to  accomplish  within 
the  relatively  short  period  that  It  has  been  in  existence  and  think  with  grati- 
tude of  the  men  who  have  been  the  leaders  In  this  work  and  are  largely  re- 
sponsible for  the  progress  that  has  been  made.  Of  the  small  band  of  agricul- 
tural chemists  who  were  prime  movers  In  the  organization  of  this  association, 
a  large  majority  have  now  gone  to  their  reward  and  but  few  are  still  actively 
engaged  In  the  work  to  which  they  have  devoted  the  best  efforts  and  energies 
of  their  lives.  Most  of  the  present  membership  of  our  association  belongs  to 
the  second  generation,  who  received  their  college  or  other  preparatory  technical 
education  during  the  first  decade  or  two  after  this  association  was  organized. 
As  they  may  not,  therefore,  be  especially  familiar  with  the  early  history  of 
the  association  a  few  words  along  this  line  may  not  be  amiss. 

Although  our  association  ofllclally  dates  back  to  18S4,  when  the  organization 
was  effected  and  the  constitution  adopted,  there  had  been  held  four  meetings 
prior  to  that  date,  by  eastern  or  southern  chemists  Interested  in  the  study  and 
further  development  of  methods  of  fertilizer  analysis.  The  first  meeting  was 
held  In  Washington,  1880,  In  response  to  a  call  signed  by  the  Hon.  J.  T.  Haider- 
son,  commissioner  of  agriculture  of  Georgia,  and  Issued  at  the  request  of  form^ 
Director  Redding,  of  Georgia  Experiment  Station,  while  the  following  meetings 
were  held  In  Boston  (also  In  1880),  in  Cincinnati  In  1881,  and  In  Atlanta  in 
1884.  Out  of  the  Atlanta  meeting  grew  the  organization  of  our  present  asso- 
ciation at  the  meeting  held  In  Philadelphia,  September  8  to  9,  1884. 

»  U.  8.  Dept.  Agr.,  Division  of  Chemistry  Bui.  57,  p.  16. 
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The  objects  of  the  association,  according  to  the  constitution  adopted  at  that 
meeting,  were  twofold — (1)  to  secure  as  ftir  as  possible  uniformity  in  legisla- 
tion with  regard  to  the  regulation  of  the  sale  of  commercial  fertilizers  in  the 
different  States,  and  (2)  uniformity  and  accuracy  in  the  methods  and  results 
of  fertilizer  analyses.  It  soon  became  clear  to  all  that  the  primary  usefulness 
of  the  association  lay  in  the  direction  of  studies  and  comparisons  of  methods  of 
analysis  rather  than  in  influencing  legislation  with  regard  to  the  regulation  of 
the  sale  of  commercial  fertilizers  in  different  States,  and  during  the  past  quar- 
ter of  a  century  the  work  of  the  association  has  been  almost  wholly  in  the 
former  direction.  The  main  and  about  the  only  direct  result  accomplished  in 
a  legislative  line  was  the  adoption  of  the  report  of  the  special  committee  with 
regard  to  a  uniform  fertilizer  law  in  1898. 

The  association  was  organized  for  the  purpose  of  studying  methods  of 
analysis  of  phosphoric  acid,  nitrogen,  and  potash,  but  its  work  was  only  con- 
fined within  these  narrow  limits  for  two  years.  As  early  ^  1886  Commissioner 
of  Agriculture  Norman  J.  Ck)lman,  in  a  letter  to  the  executive  committee,  sug- 
gested that  it  would  be  both  wise  and  profitable  to  widen  the  scope  of  the 
investigations  conducted  to  include  other  subjects  than  those  immediately  con- 
nected with  the  analysis  of  fertilizers,  and  the  president  of  the  association 
that  year,  our  present  secretary,  in  his  presidential  address  likewise  urged  an 
extension  of  the  character  of  the  work  to  be  undertaken.  **  Every  problem,"  he 
says,  "connected  with  chemical  agricultural  analysis  falling  within  the  range 
of  the  studies  of  anyone  connected  officially  with  the  agricultural  interests  of 
the  country  seems  to  me  to  be  a  proper  theme  for  our  discussion  here.  Thus 
all  the  problems  relating  to  the  adulteration  of  food,  the  general  method  of 
agricultural  analysis,  and  all  other  matters  which  concern,  in  common,  the 
analyst  and  the  public,  could  be  included  among  the  duties  and  privileges  of 
this  body." 

Other  subjects  have  as  a  result  been  added  to  the  iist  of  materials  for  which 
methods  of  analysis  were  to  be  studied  and  discussed  by  our  association.  First 
came  cattle  foods  and  dairy  products  in  1886 ;  then,  in  1887,  fermented  liquors 
and  sugar ;  1890,  soils  and  ash ;  1894,  tannin ;  1897,  liquor  and  food  adultera- 
tion; 1898,  insecticides;  1901,  food  adulteration  (with  17  associate  referees, 
which  by  this  time  has  been  increased  to  30) ;  1903,  medicinal  plants  and  drugs; 
1904,  Inorganic  plant  constituents;  and  in  1908,  water,  until  at  the  present  time 
it  may  be  truthfully  said  that  our  work  more  than  covers  the  entire  field  of 
agricultural  chemical  analysis  as  outlined  by  our  secretary  25  years  ago. 

Our  association  is  unique  in  several  ways:  It  is  the  largest  body  of  agri- 
cultural chemists  in  the  world  and  has  a  wider  scope  than  any  of  the  foreign 
societies  organized  for  similar  work.  It  has  been  its  good  fortune  to  have  tbe 
cordial  support  of  our  National  and  State  agricultural  institutions  of  research 
and  instruction,  and  through  the  cooperation  of  the  United  States  Departmait 
of  Agriculture  our  worthy  secretary  has  been  able  to  serve  the  association  as 
president,  member  of  the  executive  committee,  and  in  his  present  capacity,  for 
an  unbroken  series  of  28  yeara  The  history  of  the  Association  of  Official 
Agricultural  Chemists,  with  Dr.  Wiley  left  out,  would  be  like  Shakespeare's 
Hamlet  without  "the  melancholy  Dane,**  and  I  imagine  that  when  his 
(Wiley*s)  labors  are  ended  and  his  biographers  pass  in  review  the  story  of 
what  he  accomplished,  they  will  accord  a  very  prominent  place  to  his  faithful 
and  efficient  connection  with  our  association ;  and  let  it  be  a  consolation  and 
satisfaction  to  him  to  know,  amid  all  abuse,  ridicule,  and  misrepresentation 
from  special  Interests,  from  whose  adulterated  products  of  all  kinds  he  has 
protected  God's  poor,  the  patlait  and  long-suffering  public,  that  his  work  in 
our  association  and  in  the  interest  of  pure  food,  drink,  and  drugs  is  duly 
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appreciated  by  our  members  and  by  the  general  public  through  the  length  and 
breadth  of  our  land.  They  know,  as  we  know,  that  he  has  fought  their  fl^^t 
courageously,  honestly,  and  with  unflinching  fidelity.     [Applause.] 

Our  association  is  unique  in  another  way.  By  our  laws  of  organization  and 
established  custom  we  have  now  a  stalT  of  over  50  referees  and  associate 
referees  who  each  year  plan  cooperative  work  In  their  respective  lines  and  pre- 
pare reports  on  the  work  connected  with  analyses  of  special  substances.  Each 
one  contributes  what  he  can  toward  the  study  and  perfection  of  these  methods 
or  works  out  new  methods  by  which  our  knowledge  of  the  chemical  analysis 
of  materials  coming  within  the  range  of  the  association  may  be  enlarged  and 
greater  accuracy  of  results  obtained.  This  spl^idid  permanent  organization 
for  work  which  we  thus  x)ossess  makes  a  most  valuable  asset  and  has  been  of 
the  greatest  benefit  to  the  chemists  of  our  country,  as  well  as  to  the  referees 
and  the  associate  referees  themselves  and  their  coUaboratora  It  makes  the 
work  of  the  officers  of  the  association  in  preparing  the  programme  of  the  conven- 
tion largely  perfunctory.  There  is  probably  no  set  of  officials  in  a  national 
organization  of  the  importance  or  membership  of  this  association  who  have 
an  easier  task  in  this  direction  than  have  your  officers.  No  solicitation  of 
papers  here  or  urging  attaidance  or  participation  in  discussions.  The  president 
calls  the  meeting  to  order  and  appoints  a  few  conunittees,  and  the  referees  and 
associate  referees  do  the  rest. 

It  is  easily  seen  that  this  organization  of  the  work  of  the  association  has  its 
weaknesses  as  well  as  its  advantages.  The  mere  fact  that  so  many  take  part  in 
the  programme  may  dampen  the  ardor  of  some,  and  there  is  also  a  danger  that 
the  similarity  of  the  reports  presented  and  the  somewhat  stereotyped  plan  of 
cooperative  work  undertaken  in  many  lines  may  tend  to  lessen  the  interest  of 
some  members  in  the  work  of  the  association  and  in  the  proceedings  of  our 
convention.  The  extreme  specialization  which  is  inevitable  under  present-day 
conditions  also  renders  it  difficult  for  some  chemists  to  follow  with  profit  the 
reports  and  discussions  in  fields  of  chemical  analysis  far  removed  from  those 
in  which  their  own  special  work  generally  lies. 

There  can  be  no  doubt,  however,  that  participation  in  the  cooperative  work  of 
the  association  offers  an  excellent  opportunity  for  study  of  special  methods 
and  for  comparing  one's  own  results  and  working  methods  with  those  of  other 
chemists.  Many  an  error  of  analysis  has  been  discovered  in  the  past,  and 
faulty  methods  of  manipulation  have  been  corrected,  through  the  check  fur- 
nished by  the  collaboration  of  chemists  working  Vith  samples  of  the  same 
origin  and  under  the  same  specific  directions.  One  suggestion  may  be  made 
in  this  connection,  that  referees  arrange  to  have  a  sufficient  number  of  copies 
of  the  compilation  of  the  results  obtained  in  the  year's  work  to  supply  them 
by  mail  to  all  chemists  who  have  cooperated  with  them,  thereby  giving  those 
who  are  not  so  favored  by  geographical  location  or  a  good-sized  pocketbook 
that  they  are  able  to  attaid  the  meetings  regularly,  an  opportunity  to  find  out, 
while  the  work  is  fresh  in  their  minds,  how  their  results  compare  with  those 
of  other  chemists.  Another  advantage  would  be  that  chemists  could  then  go 
over  the  work  again  early  in  the  fall  in  case  it  should  prove  desirable  to  do  so, 
before  instructional  or  research  work  once  more  demands  all  their  time  and 
energies. 

A  soggestion  may  be  in  order  with  reference  to  the  cooperative  work  planned. 
Referees  sometimes  forget  that  most  collaborators  are  busy  m^i,  whose  work- 
ing hours  are  wholly  taken  up  with  the  work  for  which  th^  receive  their  mod- 
est allowance,  and  more  cooperative  work  is  ott&a,  requested  than  can  be  done 
by  a  chemist  during  a  period  of  several  weeks.  The  result  is  that  many  are  dis- 
conraged  from  taking  part  in  the  work  at  all.    If  each  referee  asked  for  coop- 
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eration  with  regard  to  only  a  couple  of  points,  more  chemists  would  feel  dis- 
posed to  undertake  the  work  than  Is  now  oftai  the  case,  and  the  returns  would 
be  of  more  value  both  to  the  referee  and  to  the  association.  A  small  step  In  ad- 
vance along  the  whole  line  each  year  will  bring  more  satisfactory  results,  and 
we  shall  progress  faster  and  farther  than  If  too  much  Is  attempted.  If  referees 
and  associate  referees  on  the  respective  subjects  will  confer  carefully  before- 
hand regarding  the  points  to  be  studied  and  bear  In  mind  the  suggestion  Just 
made,  there  will  not  be  much  occasion  for  apologies  in  the  reports  on  coopera- 
tive work  presented,  and  each  year  will  see  decided  progress  made  toward  more 
satisfactory  methods  of  analysis 

Active  participation  in  the  work  of  the  association  is  not  only  important  and 
an  inspiration  to  the  individual  chemists  who  plan  or  carry  it  through — the  in- 
stitutions they  represent  and  their  directors  are  benefited  to  a  similar  extent. 
During  the  last  12  years  the  chemical  control  work  that  our  institutions  are 
called  upon  to  do  has  wid^ied  in  scope,  and  nearly  all  now  have  duties  along 
one  or  more  lines  of  inspection.  The  fertilizer  control  work,  as  you  all  know, 
came  first,  then  came  feeding  stuffs,  and  of  late  insecticides  and  fungicides  have 
been  added  to  the  list,  so  that  most  of  us  may  now  be  called  upon  at  any  time 
to  prove  the  correctness  of  the  analytical  work  done  with  these  materials,  either 
before  the  courts  or  to  our  friends  the  commercial  chemists,  or  those  employed 
by  manufacturing  firm& 

While  we  all  feel  the  responsibility  of  our  position,  and  do  not  report  results 
until  we  have  full  confidence  in  their  correctness,  mistakes  will  occasionally 
occur  In  spite  of  all  care,  and  the  annual  checking  up  of  methods  and  results 
afforded  by  the  cooperative  work  of  this  association  here  comes  in  as  a  comfort 
and  an  aid.  We  find  our  own  results  corroborated  by  chemists  working  with 
the  same  materials  but  under  widely  differing  conditions,  often  with  minor  dlf- 
feraices  in  regard  to  details  of  manipulation,  and  with  different  standard  solu- 
tions, chemicals,  balances,  and  welghta  Our  confidence  in  the  work  of  our  lab- 
oratory and  in  ourselves  is  thus  strengthened,  or,  if  errors  are  discovered,  we 
are  led  to  look  for  and  correct  them,  with  a  very  pleasant  feeling  of  satisfac- 
tion resulting.  For  this  reason  it  would  seem  we  can  well  afford  to  give  up  a 
week  or  more,  if  necessary,  of  our  own  or  our  men's  time  each  year  to  do  the 
cooperative  work  planned  along  the  lines  of  activities  in  which  our  laboratories 
are  directly  interested.  It  is  good  for  our  chemists,  it  is  good  for  our  institu- 
tions, and  it  is  good  for  our  association,  whose  work  is  advanced  nearly  in  pro- 
portion to  the  number  of  chemists  cooperating  under  the  guidance  of  able  ref- 
erees and  associate  referees  who  are  specialists  in  their  respective  lines  of  study. 

The  danger  of  overspecialization  is  with  us  always,  in  chemistry  as  else- 
where, and  those  responsible  for  the  training  of  young  chemists  can  not  em- 
phasize too  strongly  the  necessity  of  a  thorough  fundamental  knowledge  of 
general  chemistry  and  chemical  analysis  before  specialties  are  taken  up.  The 
broader  and  more  solid  foundation  the  chemist  brings  to  his  chosen  work  the 
better  position  he  will  be  in  to  grapple  with  the  problons  which  this  presents, 
the  more  valuable  his  services  will  prove  to  his  employers,  and  the  better  are 
his  chances  of  rising  above  the  level  of  the  average,  in  reputation  and  in  the 
emoluments  a  useful  man  can  command.  In  addition  to  a  thorough  funda- 
mental training  the  cardinal  virtues  of  care,  honesty,  and  accuracy  in  the  con- 
duct of  on^s  work  are  primary  requisites,  without  which  no  chemist  can 
hope  to  win  recognition. 

The  story  is  told  of  Bunsen  that  while  making  a  quantitative  analysis  of 
some  material  at  one  time  he  was  unfortunate  enough  to  upset  the  beaker  in 
which  the  solution  was  heated,  and  q;)llled  some  of  it  on  the  laboratory  table. 
With  the  ever-present  German  laboratory  sponge  he  wiped  the  table  and 
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squeeEed  the  sponge  over  the  beaker.  A  similar  mishap  occurred  again  a  little 
later  and  the  difficulty  was  remedied  in  the  same  way,  the  famous  chemist 
mumbling  to  himself  as  he  squeeased  the  solution  into  the  beaker  the  second 
time,  "Oh,  pshaw!  if  that  happens  once  more  I  shall  have  to  begin  all  o-v&r 
again."  The  story,  if  true,  only  Illustrates  that  a  man  may  be  a  great  scien- 
tist and  discoverer  without  being  a  good  analyst  For  the  large  majority  of 
us  who  are  not  by  nature  endowed  with  marked  ability  to  discover  new  patlis 
in  science,  or  to  enlarge  in  a  brilliant  way  the  sum  of  human  knowledge,  tlie 
safer  plan,  by  far,  is  to  do  well  what  we  can  do,  so  that  our  results  will  bear 
the  severest  scrutiny  and  we  may  have  the  satisfaction  of  knowing  that  they 
can  be  corroborated  by  carefully  trained  chemists  everywhere,  irrespective  of 
geographical  location,  nationality,  or  position. 

As  suggested  at  the  outset,  the  work  of  the  association  In  the  past  has  been 
of  the  greatest  service  to  the  chemists  of  our  country  and  elsewhere,  as  well 
as  to  our  agricultural  interests  in  general.  Our  methods  of  analysis  have  been 
closely  studied,  and  those  proving  the  most  accurate  and  satisfactory  have  been 
given  official  stamp  after  continued  careful  investigation  and  scrutiny.  Much 
progress  has  thus  been  made,  and,  while  the  best  of  to-day  may  not  stand  the 
test  of  to-morrow  or  the  day  after,  we  believe  that  along  most  lines  of  ana- 
lytical work  in  which  we  are  interested  the  methods  now  at  our  d!i^)osal  will 
stand  the  test  of  time  and  will  require  further  study  only  in  regard  to  details 
of  manipulation.  Along  other  lines,  however,  much  still  remains  to  be  done  be- 
fore we  can  feel  that  this  goal  has  been  reached,  and  in  order  to  reach  it  we 
shall  need  the  hearty  cooperation  and  the  best  assistance  of  all  members  in 
their  respective  fields  of  study.  Our  experience  in  the  past  and  the  character 
of  our  present  large  membership  Justify  the  confident  hope  that  the  importance 
of  our  association  and  its  usefulness  to  the  chemical  profession  and  to  agri- 
cultural sdoice  will  prove  still  greater  in  the  future  than  has  been  the  case  tn 
the  past,  and  that  it  will  receive  the  cordial  support  of  all  members  in  solving 
the  problems  confronting  it  now  and  in  the  future,  the  work  being  character- 
ised by  the  same  spirit,  enthusiasm,  and  energy  as  have  overcome  dlfficultleB 
and  aided  us  in  gaining  a  clearer  knowledge  in  the  past. 


TUESDAY— AFTERNOON  SESSION. 

RBPORT  ON  THE  SEPARATION  OF  NITROGBNOnS  BODIES  (MEAT 

PROTBIDS). 

By  C.  R.  MouLTON,  Referee,^ 

The  cooperative  work  done  this  year  on  the  separation  of  meat  proteids  has 
been  limited  to  the  determination  of  total  nitrogen  in  concentrated  beef  ex- 
tracts. The  lack  of  agreement  among  the  analysts  in  this  work  during  the  past 
two  years,  on  the  one  hand,  and,  on  the  other  hand,  the  contention  by  some  that 
the  official  methods  are  satisfactory  led  the  referee  to  make  a  further  test  of 
the  methods  for  total  nitrogen. 

The  samples  of  concentrated  beef  extract  employed  were  the  same  as  those 
used  in  our  previous  work,'  and  were  prepared  in  the  laboratories  of  the 
Missouri  agricultural  experiment  station.    The  samples  showed  a  large  amount 

>  Presented  by  P.  F.  Trowbridge. 

*  Sample  1  was  sent  to  J.  T.  WUlard.  B.  B.  Forbes,  A  D.  Bnimett,  Pan!  Rndnl^  and 
A.  Lowenstein.    Sample  2  was  sent  to  T.  C.  Trescot  and  T.  L.  Haecker. 
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of  crystalline  bodies  which  settled  out  on  standing.  It  was  suggested  that,  in 
order  to  remove  any  errors  which  might  arise  from  this  source,  the  sample 
be  very  thoroughly  mixed  and  a  large  sample  be  weighed  out  by  the  method  of 
difference,  dissolved  in  water,  filtered,  and  made  up  to  a  volume.  Allquots  for 
total  (soluble)  nitrogen  could  be  drawn  from  this  solution.  This,  of  course, 
gives  soluble  nitrogen,  but  it  affords  a  good  comparison  for  the  method  for  total 
nitrogen  and  removes  any  error  due  to  lack  of  uniformity  of  sample.  Letters 
were  sent  to  22  laboratories,  and  7  men  signified  their  ability  to  cooperate. 

Reports  of  Kefebees. 

J.  T.  Willard  reports  the  work  of  J.  W.  Calvin  as  follows: 

Nitrogen  determination, — ^Two  charges  were  weighed  out  as  directed,  dis- 
solved in  water,  and  made  up  to  volumes  of  250  cc.  Two  portions  of  25  cc 
each,  or  one-tenth  of  the  charge,  were  taken  from  each  solution  and  digested 
with  0.7  gram  of  mercury  and  30  cc  of  sulphuric  acid  for  three  and  one-half 
hours,  although  the  liquid  was  colorless  after  the  end  of  the  first  hour.  The 
following  results  were  obtained:  Charge  1:  6.7060  grams,  aliquot  0.6705;  per 
cent  nitrogen,  8.755,  8J25.  Charge  2:  7.2782  grams,  aliquot  0.7278;  per  cent 
nitrogen,  8.769,  8.759. 

R.  C.  Gollison  reports  upon  the  sample  sent  to  E.  B.  Forbes  as  follows :     - 

About  10  grams  of  the  well-mixed  sample  were  weighed  by  difference  into  a 
KJeldahl  fiask ;  50  cc  of  sulphuric  acid  and  0.6  gram  of  metallic  mercury  were 
added.  The  contents  were  digested  for  al>out  one  hour  or  one  and  one-half 
hours  and  10  grams  of  potassium  sulphate  added.  The  digestion  was  con- 
tinued until  the  solutions  were  practically  clear.  Total  time  of  digestion,  six 
hours.  The  solution  was  then  made  up  in  a  volumetric  fiask  and  an  aliquot 
distilled  in  the  usual  way.  Kesults:  8.74,  8.73,  8.75,  8.80;  average,  8.755  per 
cent 

Another  sample  of  about  10  grams  was  dissolved  in  water  made  up  in  a 
volumetric  fiask  and  an  aliquot  digested  as  before,  using  20  cc  of  sulphuric 
acid,  0.6  gram  of  mercury,  and  10  grams  of  potassium  sulphate.  The  whole 
aliquot  was  distilled.  Percentage  results  on  nitrogen  by  this  method:  8.74, 
8.80 ;  average,  8.77  per  cent, 

A.  D.  Emmett  reports  as  follows : 

The  sample  was  digested  at  a  low  temperature  until  the  frothing  ceased. 
This  generally  occupied  from  15  to  20  minutes.  The  5  grams  of  potassium  sul- 
phate and  0.65  grams  of  mercury  were  then  added.  The  digestion  was  con- 
tinued until  the  mass  became  clear,  which  took  varying  lengths  of  time,  as 
shown  In  the  table.  The  heat  was  turned  off  as  soon  as  the  digest  became 
clear,  and  the  neck  of  the  fiask  was  then  washed  down,  after  which  the  diges- 
tion was  continued  for  one  and  one-half  hours.  Then  250  cc  of  ammonia-free 
water  were  added,  a  small  amount  of  pumice,  and  the  customary  amount  of 
potassium  sulphld  and  sodium  hydrate.  The  distillation  was  carried  out  so 
that  250  cc  of  the  distillate  came  over  in  about  35  to  40  minutes.  The  Indi- 
cator used  was  Congo  Red,  the  standard  acid  was  hydrochloric,  and  the  alkali, 
sodium  hydroxid.  Blank  determinations  were  run  on  all  reagents  and  the  cor- 
rection applied  for  these  in  making  the  final  calculations.  We  made  the  de- 
terminations on  both  unfiltered  and  filtered  samples.  The  data  seem  to  Indi- 
cate that  with  the  exception  of  test  "A"  one  can  obtain  fairly  satisfactory 
results  by  the  method  Just  outlined,  both  for  the  filtered  and  unfiltered 
samples. 
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Nitrogen  results  "by  A,  D.  Emmett  on  filtered  and  unflltered  samples. 


Test  number. 


Total 
amount 
taken. 


Total 
volume. 


Volume 
taken. 


25 


26 


26 


Time  of  digestion. 


UntU 
dear. 


Hr.  min. 
0   65 


1    15 


1    06 


0    60 


After 
clear  un- 
tUend. 


1    30 


1    30 


1    30 


1    30 


TotaL 


r.  min. 
2   25 


2   46 


2    86 


2    20 


Nitrogen. 


Unfll- 
tered. 


Per  cent. 

I       8.80 

9.01 

I       8.80 


8.87 


&65 
8.65 
&65 


8.65 


8.55 
'i'65 


8.60 


&65 
8.67 


8.66 


Ffltered. 


PercewU. 
8.41 
8.«7 
8.22 


8.43 


8.54 

8.47 
8.46 


8.49 


8.50 
&53 

8.43 


8.49 


8.55 

8.50 


8.63 


ring  report: 

It  the  quantity  of  extract  to  be  digested  must 
I  probably  be  less  than  this  in  order  to  get  con- 
estion  is  fixed  at  two  hours  after  the  digestion 
;ss  than  three  hours  in  all,  and  the  method  &n- 
on  KJeldahl-Gunnlng  method,  using  5  grams  of 
of  metallic  mercury. 

•8  reported  by  Paul  Rudnick, 


Weight  of 
sample. 

Time  of 
digestion. 

Nitrogen. 

OrafM. 
a  9764 
.9764 
.9914 
.9914 
1.0226 
1.0226 

1.9527 
1.9628 
2.0452 
1.9957 
1.9957 
8.8428 
4.4015 

5.7643 
6.6022 

1 

PereenL 
9.22 

9.25 

8.97 

8.90 

8.87 

8.89 

9.27 

8.97 

8.92 

8.71 

8.97 

8.64 

8.13 

8.61 

8.24 
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.  The  solutions  were  made  np  In  accordance  with  your  suggestion  to  weigh 
approximately  10  grams  by  difference,  dissolve  in  water,  filter,  and  make  up 
to  volume.    The  weights  were  taken  and  the  solutions  made  up  as  follows : 

Description  of  solutions. 


Solutloii 
No. 

Beef  ex- 
tract. 

Volume  of 
finished 
solution. 

1 

Gramt. 
9.7635 
9.9140 

10.2262 
9.6071 

11.0037 

cc. 
500 
500 
500 
250 
250 

2 

3 

4 

5 

In  the  table  of  results  the  figures  in  the  first  column  refer  to  the  number 
of  the  solution,  while  the  letters  serve  to  distinguish  the  successive  aliquot 
portions  from  each  solution.  The  results  marked  1,  2,  8,  D,  and  1,  2,  8,  B, 
respectively,  were  drawn  from  composite  solutions  made  up  from  equal  volumes 
of  solutions  1,  2,  and  3. 

Nitrogen  was  determined  in  all  cases  by  the  so-called  KJeldahl-Qunnlng 
method,  using  6  grams  of  potassium  sulphate,  0.6  gram  of  metallic  mercury, 
and  25  cc  of  sulphuric  acid.  Blanks  were  deducted  in  each  case  as  usual, 
amounting  in  this  case  to  0.0007  gram  of  nitrogen,  and  the  results  reported  are 
those  obtained  after  correcting  for  this  blank. 

The  results  show  clearly  the  tendency  toward  lower  results,  with  larger  sam- 
ples, in  spite  of  increased  time  of  digestion.  It  seems  highly  probable  that 
this  is  due  to  the  same  cause  which  produces  the  tendency  toward  low  results 
in  commercial  ammoniates  of  high  nitrogen  content,  such  as  dried  blood,  tank- 
age, etc..  when  the  time  of  digestion  is  too  short.  Whether  this  is  due  to  the 
formation  of  organic  amins  or  amino  acids,  etc.,  which  do  not  react  with  the 
indicator  as  equivalents  of  ammonia  is  an  interesting  question.  So  far  as  I 
know,  it  is  commonly  assumed  among  analysts  that  the  oxidation  of  the  nitro- 
gen compounds  in  this  determination  proceeds  quantitatively  until  all  the 
nitrogen  is  present  as  ammonium  salts,  but  it  does  not  seem  to  me  that  this 
view  can  be  correct. 

It  may  be  of  interest  to  you  to  know  the  results  obtained  on  determining 
nitrogen  in  the  papers  through  which  the  above  solutions  were  filtered : 

Nitrogen  found  in  filter  papers  used  in  preceding  determinations,     (Rudnick.) 


Solution. 

Weight  of 
sample. 

Nitrogen. 

1 

2 

3 

4 

5 

Onma. 
9.7636 
9.914 

10.2262 
9.6071 

11.0037 

Percent. 
0.10 
.08 
.07 
.07 
.06 

The  same  sample  was  analyzed  in  the  Missouri  laboratories  by  E.  E.  Vanatta. 
The  KJeldahl-Gunning  method  was  employed,  using  30  to  35  cc  of  sulphuric 
acid  and  0.7  gram  of  metallic  mercury.  This  was  digested  until  the  sample 
was  no  longer  ''pasty,"  when  from  5  to  7  grams  of  potassium  sulphate  were 
added.  The  digestion  was  continued  until  the  sample  was  colorless,  when  the 
neck  of  the  flask  was  washed  down  with  water  and  the  digestion  was  continued. 
The  aliquots  given  in  the  table  were  used  for  digestion.  Twenty-five  gramt 
were  dissolved  in  water,  filtered,  and  made  up  to  1,000  cc. 
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Report  on  sample  i,  by  E,  E,  Vanatia, 


Solution  and  aUqoot. 

Hvdrochlo- 
lie  add. 

Nitrogen. 

Weight 
sample. 

Time. 

Befora 
clearing. 

After 
dearlng. 

Total. 

10  cubic  centimeters: 
A  la 

ce, 
16.67 

Lost. 
16.  n 
16.88 
16.67 

Lost. 

33.46 
Lost. 
83.43 
33.56 
33.60 
83.63 

68.30 
68.76 
68.86 
68.75 
69.06 
69.03 

167.28 
Lost. 
171.12 
171.48 
169.83 
171.53 

Percent. 
8.362 

Orami. 
0.25 

0.60 

0.875 

-       2.600 

Min, 
25 

23 

35 

65 

Min. 

{           30 
30 
60 
60 
120 
120 

f            ^ 
30 
60 
60 
120 
120 

r        ^ 

30 
00 
60 
120 
120 

r            30 
80 
60 
60 
120 
120 

Br.  wM. 
0   65 

0  56 

1  25 

1  25 

2  25 
2   25 

0   65 

0  65 

1  25 

1  25 

2  25 
2   25 

1     6 
1     6 
1    35 

1  85 

2  35 
•    2   35 

1    25 
1    25 
1    65 

1  65 

2  65 
2    65 

b 

2a 

8.412 
8.467 
8.362 

b 

3a 

b 

20  cubic  centimeters: 
B  la 

8.388 

b 

2a 

8.384 
8.414 
8.437 
8.409 

t 
8.356 
8.420 
8.434 
8.420 
8.463 
8.460 

8.391 

b 

3a 

b 

35  cubic  centimeters: 
C  la 

b 

2a 

b 

3a 

b 

100  cubic  centimeters: 
D  la 

b 

2a 

8.583 
8.601 
8.619 
8.604 

b 

3a 

b 

Average 

,  8.444 

Mr.  Lowenstein  writes  as  follows  In  regard  to  this  work : 

In  this  connection  we  were  very  much  Interested  In  the  report  which  yon 
submitted  to  the  association,  as  printed  in  Bulletin  137,  Bureau  of  Chemistry. 
We  note  that  you  state  that  you  had  ''  some  difficulty  in  getting  good  duplicate 
results  for  nitrogen  in  the  case  of  beef  extracts  when  samples  of  about  2 
grams  were  weighed  out  for  total  nitrogen  and  digested  by  the  modified  KJel> 
dalil  method."  We  have  used  this  method  in  our  laboratory  for  a  long  time 
and  have  never  experienced  any  such  difficulty  as  you  mention,  even  wh^i  the 
work  was  done  by  men  who  have  had  very  little  experience  in  analytical  work. 
In  the  attached  analysis  Analyst  B  has  had  only  two  months*  experience  in 
commercial  analytical  work.  We  could  cite  numerous  instances  of  analyses 
run  by  this  method,  in  all  of  which  our  duplicate  results  have  been  as  close 
as  in  the  attached,  and  we  know  of  no  instances  where  we  have  had  any  such 
results  as  appear  in  your  report 

We  thought  at  first  that  your  trouble  might  have  been  due  to  the  sample,  as 
in  our  ordinary  run  of  commercial  work  we  very  rarely  run  across  a  sample 
of  beef  extract  such  as  submitted  by  you.  However,  we  have  been  able  to  get 
good  duplicate  results  from  the  sample  submitted  within  our  own  laboratory. 
We  will  be  very  much  interested  to  see  the  cooperative  results  on  this  sample. 

The  sample  submitted  was  run  by  the  method  suggested  in  your  letter  and 
also  by  the  modified  ICJeldahl  method,  two  grams  of  the  sample  being  used  for 
the  determination. 


Nitrogen  results  on  official  sample  by  two  methods. 


Modified  Kjeldahl 
method. 

Moulton  method. 

Analyst  A. 

Analyst  B. 

Analyst  A. 

Analysts. 

Prr  cfni. 
8.08 
8.90 

Percent 
8.92 
8.90 

Percent 

8.98 
8.99 

Percent 
8.89 
8.85 
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Our  method  of  digesting  the  sample,  in  detail,  is  as  follows : 
Two  grams  of  the  sample  are  weighed  In  a  tared  filter  paper  and  the  entire 
sample  is  put  in  a  E[jeldahl  fiask.  One-half  gram  of  metallic  mercury  and  10 
grams  of  crystalline  potassium  sulphate  are  then  added  together  with  25  cc 
of  concentrated  sulphuric  acid.  The  sample  is  then  digested  for  three  hours, 
after  which  with  the  addition  of  a  little  zinc  dust  and  a  few  drops  of  paraflOLn 
oU  and  350  cc  of  water,  together  with  50  cc  of  caustic  soda  solution  containing 
the  proper  amount  of  potassium  sulphld,  it  is  distilled  into  a  500  cc  Erlenmeyer 
flask  containing  25  cc  of  standard  hydrochloric  acid  (1  cc  equals  1  per  cent 
ammonia  where  a  1  gram  sample  is  employed). 

The  analytical  work  on  this  sample  was  done  by  J.  J.  Vollertsen  and  an 
assistant,  to  whom  credit  is  due. 

On  sample  2  T.  C.  Trescot  reports  as  follows : 

Results  on  sample  2  hy  the  Gunning  method,  varying  size  of  sample. 


Weight  of 
sample. 

Total 
nitrogen. 

Oranu, 
1.7382 
1.2974 
1.9235 
1.9702 
0.2306 

Percent, 
8.73 
8.71 
8.66 
8.77 
8.67 

The  digestion  was  continued  four  hours.  This  is  the  usual  method  for  de- 
termining nitrogen  in  meat  extract  in  this  lal^oratory.  Following  the  sugges- 
tion of  the  referee,  we  dissolved  20  grams  of  the  extract  in  200  cc  of  water, 
filtered  and  determined  the  nitrogen  in  10  cc  portions  of  the  filtrate.  The 
results  were  as  follows :  Weight  of  sample,  1  gram ;  per  cent  of  soluble  nitrogen, 
8.28  and  a22. 

In  order  to  check  the  work  upon  the  referee's  sample,  we  determined  the 
nitrogen  in  a  sample  of  Lieblg*s  extract  with  the  following  results :  Weight  of 
sample,  1.8820  grams;  per  cent  of  nitrogen,  9.54;  0.9578  gram,  9.55  per  cent; 
0.9578  gram,  9.49  per  cait,  and  0.9578  gram  sample,  9.49  per  cent  nitrogen.  In 
this  work  the  time  required  for  a  sample  to  become  clear  on  digestion  was  by 
no  means  constant.  The  length  of  time  required  depended  largely  upon  the 
size  of  the  sample. 

The  size  of  the  sample  seemed  to  have  no  infiuence  upon  the  percentage  of 
nitrogen. 

T.  L.  Haecker  reports  the  work  from  the  Minnesota  laboratory  by  Mr.  Anthony 
as  follows: 


Nitrogen  results  on 

referee* 

8  samples  as  reported  hy  Haecker, 

Beef  extract  samples. 

w^pt 

sample. 

Aliquot 

tif^for 
dlge». 
tion. 

Total 

time  of 

dlge^ 

tion. 

Hydro- 
chloric 
add 
used. 

Soluble 
nitrogen. 

Remarks. 

1 

Orawt. 
12.8864 

ec. 

Hours. 

cc. 

Percent. 

Dissolved  in  HtO   and 

1-a 

60 

50 

5J 

33.  S9 
33.81 

8.641 
8.621 

made  to  500  cc. 
Digested  with  KtSO«  and 

Do*. 

1-b 

Average.       

8.631 

50 
50 

5) 
5i 

33.  S2 
34.07 

1-c 

8.623 
8.687 

Digested  with  HgO  only. 
Do. 

1-d 

8.656 

10 
10 

5 

1-e 

6.70 
6.69 

8.543 
8.530 

Digested  after  MUbanr's 

1-f 

method. 
Do. 

Average 

8.536 
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Ifitrogen  results  on  referee's  samples  as  reported  hji  Haecker — Continned. 


Beef  extxact  samples. 

sample. 

Aliquot 
parts 

taken  Ibr 
diges- 
tion. 

Total 
time  of 
diges- 
tion. 

Hydro- 
chloric 
acid 
used. 

Soluble 
nitrogen. 

Remarks. 

2 

Gramt. 
5.4621 

ee. 
8 

J7ottr«. 

ee. 

Pereent. 

After  digestion  made  to 
500  oc  digested  with 
KaS04andHgO. 

3-a 

60 
60 

14.28 
14.33 

18.006 
8.636 

J5.... ::::::: 

Average 

8.62 

4.4171 

8 

s 

Do. 

S-a. 

50 
50 

11.29 
11.23 

18.808 
8.353 

«...:::::::.:: 

8.875 

1  Total  nitrogen. 

Ck)minent8  on  this  work  made  by  Mr.  Haecker  are  as  follows : 

From  the  thoroughly  mixed  substance  three  individual  samples  were  weighed 
out  by  the  method  of  difference. 

Sample  No.  1,  weighing  12.8864  grams,  was  dissolved  in  a  beaker  with  water, 
filtered,  and  made  up  to  the  volume  of  500  cc  at  IS""  O.  From  this  solution, 
four  aliquot  parts  of  60  cc  each  (1-a,  1-b,  1-c,  1-d)  were  drawn  for  digestioo. 
To  samples  1-a  and  1-b  10  grams  of  potassium  sulphate  and  about  0.7  gram  of 
mercuric  oxid  were  added;  to  samples  l-<!  and  1-d  only  about  0.7  gram  of 
mercuric  oxid. 

The  digestion  was  carried  on,  first,  with  a  low  fiame  until  most  of  the  wat«r 
was  evaporated  and  the  sulphuric  acid  fumes  began  to  rise,  then  potassium 
sulphate  and  mercuric  oxid  were  added  and  the  digestion  carried  on  for  four 
hours  after  the  solution  became  colorless.  The  distillation  of  the  samples  was 
carried  out  as  usual,  with  the  only  difference  that  the  boiling  was  slow  and 
the  whole  process  of  distillation  continued  for  about  one  hour  and  a  half.  An 
excess  of  standard  hydrochloric  acid  was  used  to  catch  the  distillate,  and  a  cor- 
responding potassium  hydroxid  solution  with  cochineal  as  an  Indicator  was 
used  for  titration. 

Two  blanks  were  run  with  about  1  gram  of  chemically  pure  anhydrous  lactose 
(GuHaOu)  using  the  modified  Gunning  method  for  digestion.  The  correction 
of  0.5  cc  of  hydrochloric  acid  used  was  equally  applicable  to  all  analyses. 

Sample  No.  2,  weighing  5.4521  grams,  and  sample  No.  3,  weighing  4.4171 
grams,  were  placed  in  KJeldahl  fiasks  and  digested  after  the  modified  KJeldahl- 
Gunning  method.  The  heating  of  the  substance  was  slow,  and  the  digestion 
was  continued  for  si^  hours  after  the  substance  became  colorless.  The  digested 
samples  were  made  up  to  500  cc  at  15**  C,  and  50  cc  duplicates  were  drawn  for 
distillation.    The  distillation  was  carried  on  as  with  sample  No.  1. 

The  results  obtained  by  either  method  show  a  marked  check  in  the  duplicate 
analyses  and  between  each  other.  A  discrepancy  of  only  0.25  per  c«it  occurs 
between  sample  No.  2  and  sample  No.  8.  This  discrepancy  I  think  can  be 
credited  to  an  analytical  error  or  to  the  fact  that  the  last  sample  did  not  corre- 
spond to  the  average,  because  of  the  accumulation  of  small  crystals  in  the 
bottom  of  the  weighing  glass. 

Discrepancies  in  the  nitrogen  content  of  a  larger  and  a  smaller  sample  should 
be  credited  only  to  an  incomplete  digestion  or  to  an  error  in  the  process  of 
distillation.  Larger  samples  correspond  better  to  the  average  than  small 
samples.  Even  if  duplicate  small  samples  of  0.5  gram  would  check  closely 
they  do  not  give  us  a  guarantee  of  an  average  result.  Larger  samples,  how- 
ever, check  equally  well,  and  the  results  come  the  nearest  to  the  average  com- 
position of  the  material. 

The  distillates  obtained  were  clear  and  no  difficulty  with  the  Indicator  could 
be  noticed  in  the  titration. 

To  test  whether  the  amido  nitrogen  is  completely  hydrolyzed  by  the  common 
KJeldahl  method  Milbaur*s  modification  as  applied  to  hydrazones  and  osaxunes 


Digitized  by 


Google 


183 

was  used.    The  two  results  obtained  check  exceptionally  well,  but,  of  course, 
from  only  two  determinations  no  conclusions  can  be  drawn. 

The  method  of  Milbaur  was  used  In  the  following  way:  10  cc  of  the  liquid 
sample  were  measured  from  a  burette  into  a  KJeldahl  tLaek;  40  cc  of  water 
and  50  cc  of  concentrated  sulphuric  acid*  were  added;  8  grams  of  powdered 
chemically  pure  zinc  previously  washed  in  1  per  cent  sulphuric  acid  were  poured 
Into  the  fiasli.  The  contents  were  previously  cooled  to  prevait  a  too  strong 
reaction.  The  substance  was  heated  very  slowly  over  a  wire  gauze,  and  the 
heating  continued  until  no  more  hydrogen  was  generated.  The  generation  of 
hydrogen  ceased  after  one-half  hour  and  then  two  drops  of  metallic  mercury 
were  added  and  the  digestion  carried  on  as  usual.  After  the  substance  became 
white  it  was  left  to  cool  a  little,  and  1  gram  of  chemically  pure  potassium 
dichromate  was  added  and  the  digestion  carried  on  for  two  hours  longer. 
Milbaur  uses  2  grams  of  potassium  persulphate,  but  since  this  was  not  at  hand 
the  dichromate  was  used  instead.  The  solution  was  distilled  from  a  copper 
flasic  to  prevent  bumping.  [In  this  connection  the  referee  wishes  to  call  atten- 
tion to  results  obtained  two  years  ago  in  the  Missouri  laboratory  on  the  same 
sample — total  nitrogen  on  2-gram  samples,  9.341  and  9.474  per  cent;  soluble 
nitrogen  on  0.5-gram  samples,  8.389  and  8.731  per  cent] 

Discussion. 

A  study  of  the  foregoing  data  shows  rather  marked  uniformity  in  the  results 
on  total  nitrogen.  On  sample  No.  1  the  three  investigators  report  results 
between  8.7  and  8.8  per  cent  of  total  nitrogen.  Good  duplicates  are  obtained 
by  different  chemists.  Two  of  the  investigators  get  rather  higher  results,  aver- 
aging rather  close  to  9  per  cent  Comparing  insoluble  nitrogen  in  this  sam- 
ple, the  figures  submitted  by  Mr.  Emmett  are  exceedingly  good  duplicates  of 
the  figures  obtained  in  the  Missouri  laboratory.  In  connectiop  with  the  higher 
results  obtained  by  the  two  collaborators  in  the  stock  yards,  the  following 
extract  from  Mr.  Rudnick*s  report  is  of  interest :  "  I  should  like  to  comment 
upon  the  data  obtained  in  the  determination  of  nitrogen  on  the  water-insoluble 
residue  remaining  on  the  filters.  These  filters  were  well  washed  and  no  trace 
of  yellow  color  was  visible  on  them.  It  would  seem,  therefore,  that  the  crys- 
talline water-insoluble  substances  may  possibly  contain  crystalline  meat  bases 
or  other  nitrogenous  organic  compounds  In  addition  to  Inorganic  solids.  I 
regret  that  lack  of  material  and  time  did  not  permit  a  further  investigation  of 
this  question,  which  might  throw  some  light  on  the  discrepancies  In  the  deter- 
mination of  nitrogen  in  beef  extracts." 

At  the  Missouri  station  we  had  no  trouble  in  getting  crystalline  bodies  into 
solution  provided  the  sample  was  allowed  to  stand  covered  with  water  for  15 
or  20  minutes  before  filtering.  The  residue  on  the  filter  papers  in  filtering  out 
the  insoluble  nitrogen  had  the  appearance  of  a  brownish  coagulum  and  no 
crystals  were  left 

Turning  our  attention  to  sample  No.  2,  it  Is  seen  that  the  two  collaborators 
obtained  results  for  total  nitrogen  that  agreed  very  well.  Their  results  on 
soluble  nitrogen  do  not  show  the  same  agreement  but  this  may  be  accounted 
for  by  insufilcient  oxidation  or  some  other  error  In  the  method. «  In  this  work 
the  collaborators  used  almost  exclusively  the  so-called  EJeldahl-Qunning 
method.  Following  the  referee's  suggestion  that  the  best  method  be  selected, 
they  have,  with  two  exceptions,  used  this  method.  It  therefore  seems  to  the 
referee  that  when  care  is  taken  to  get  a  uniform  sample  and  when  from  0.2  to 
2.5  grams  of  the  substance  are  digested  by  the  Kjeldahl-Gunning  method, 
allowing  four  hours  for  the  digestion,  uniform  results  can  be  obtained  for  total 
nitrogen. 

REOOliliENDATIONS. 

The  referee  has  concluded  as  a  result  of  this  work  that  the  contention  of 
W.  D.  Bigelow  and  F.  O.  Cook,  that  the  present  method  for  total  nitrogen  is 
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efficient,  holds  when  care  Is  taken  that  a  well-mixed  and  uniform  sample  be 
used  for  analysis  and  that  the  oxidation  be  complete.  To  secnre  complete 
oxidation  the  cooperators  choose  generally  a  combined  Kjeldahl-OonnlDg 
method.  In  this  connection  the  refetee  wishes  to  call  attention  to  the  rq;)ort 
of  committee  A  on  recommendations  of  referees  for  1907.  Under  "  (1)  Nitrogen,** 
recommendation  5,  page  129,  Bulletin  116,  there  Is  a  recommendation  that  a 
special  method  be  Introduced  combining  the  features  of  the  two  methods-^the 
KJeldahl  and  the  Qunnlng.  The  referee  finds  no  further  action  on  this  impor- 
tant point.    He  woulil  therefore  recommend — 

(1)  That  on  page  7,  Bulletin  107,  Revised,  between  "(b)  Gunning  method" 
and  *'(c)  KJeldahl  method  modified"  there  be  inserted  a  KJeldahl-Gunnlng 
method  as  follows : 

(b)    KjELDAHL-GUNinNO    MSTHOD. 

Place  the  substance  to  be  analyzed  in  a  digestion  fiask,  employing  from  0.7 
to  8.5  grams,  according  to  its  proportion  of  nitrog^i.  Add  0.7  gram  of  mercuric 
oxld,  or  its  equivalent  in  metallic  mercury,  and  from  20  to  30  cc  of  sulphuric 
acid.  Start  the  digestion  and,  after  frothing  has  ceased  and  contents  of  flask 
are  no  longer  pasty,  add  from  7  to  10  grams  powdered  potassium  sulphate. 
When  digest  is  colorless  cool  and  wash  down  the  neck  of  the  fiask  with  water 
and  continue  the  digestion  till  oxidation  Is  complete.  Finish  as  in  the  KJeldahl 
method,  omitting  potassium  permanganate. 

(2)  That  In  7  (a),  line  1,  same  reference,  page  108,  the  words  '*or  KJeldahl- 
Qunnlng  method  "  be  inserted  after  "  the  Gunning  method." 

(3)  That  in  the«same  bulletin,  page  114,  7  (a)  be  made  to  read:  **  Bmploy  the 
KJeldahl-Gunning  method,  page  7,  under  •  I.  Fertilizers.'  Use  from  0.2  to  2.0 
grams  of  thoroughly  mixed  sample  and  digest  for  at  least  four  hours." 

(4)  That  the  work  for  next  year  be  a  continuance  of  the  separauon  of  the 
nitrogenous  bodies  (meat  proteins). 


NOTES  ON  THE  DETERMINATION  AND  VALUATION  OF  POTASH. 
By  P.  F.  Tbowbbidqb. 

Many  claims  are  being  made  on  the  part  of  certain  fertilizer  manufkcturers 
as  to  the  great  advantage  of  manure  conceitrate  or  manure  ashes^  not  only  as 
to  the  plant  food  present,  but  as  to  the  good  effect  upon  the  land  due  to  the 
alkalinity  of  the  material  The  same  manufacturers  have  difficulty  In  making 
the  potash  content  of  the  fertilizer  run  uniform  and  requests  are  repeatedly 
received  that  the  analysis  of  potash  be  modified  to  Include  total  potash. 

This  can  not  be  done  according  to  the  present  fertilizer  law  of  Miasouri, 
which  specifies  that  the  potash  must  be  soluble  in  water.  In  ord^  to  get  some 
information  at*first  hand  the  wrlt^  himself  secured  directly  from  the  furnaces 
a  sample  of  the  ashes  from  burned  manure  and  also  a  sample  of  ashes  from  a 
limekiln  in  the  State.  Examination  of  the  alkalinity  of  these  ashes  shows 
that  the  manure  ashes  have  an  equivalent  of  30.38  per  cent  of  calcium  oxid, 
while  the  wood  ashes  have  an  equivalent  of  53.73  per  c&OLt 

Samples  of  these  ashes  were  boiled  for  several  hours  with  distilled  water 
and  thoroughly  washed  to  separate  the  water-soluble  potash  as  in  the  regular 
fertilizer  analyses.  The  insoluble  residue  was  then  examined  for  total  potaflli 
by  the  J.  Lawrence  Smith  method  to  determine  the  amount  of  insoluble  pota^ 
The  following  tabulation  shows  the  results  obtaUied : 
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Potash  content  of  manure  and  wood  ashes. 


Determinations. 

Kanore 
ashes. 

Wood 
ashes. 

Solnblapotash 

Percent, 
5.916 
7.702 

Percent, 
4.670 

Tn^nbt«  potw^ 

.938 

Total 

13.618 

5.606 



It  is  quite  probable  that  tbe  large  amount  of  dirt  In  the  manure  may  have 
formed  with  the  burned  ashes  an  insoluble  silicate,  which  would  account  for 
the  large  amount  of  insoluble  potash. 

An  examination  of  five  samples  of  ash  from  the  leaves  of  the  peach  shows  it 
to  contain  26.588  per  cent  of  soluble  potash  and  8.239  per  c^t  of  insoluble 
potash.  The  ash  from  several  samples  of  timothy  hay  contains  as  high  as  80 
per  cent  soluble  potash  in  the  hay  cut  in  the  earlier  stages  of  growth,  while  in 
the  ash  from  the  ripe  hay  the  soluble  potash  is  as  low  as  23  per  cent  In  these 
samples  of  ash  from  timothy  hay  only  about  1  per  cent  of  insoluble  potash  is 
found. 


REPORT  ON  THB  SBPARATJON  OF  NITROGBNOUS  BODIES  (MILK  AND 

CHEESE). 

By  A.  W.  BoswoBTH,  Associate  Referee,  and  O.  B.  Winter. 
Plan  of  Work. 

As  no  recommendations  were  made  for  this  line  of  work  by  the  association 

last  year,  the  referee  has  selected  for  study  two  of  the  newer  methods  which 

.have  been  published  recently.    These  methods  are  the  Folin^  method  for  the 

determination  of  ammonia  and  the  Van  Slyke'  method  for  the  determination  of 

amino  acid  nitrogen. 

It  has  be^i  known'  for  some  time  that  the  method  of  determining  ammonia 
by  distilling  with  magnesium  oxld  may  give  high  results,  and  several  attempts 
have  been  made  to  eliminate  this  source  of  error.  The  Folin  method  seems  to 
be  the  best  one  of  these,  and  has  given  good  results  when  used  by  several 
workera* 

In  applying  the  Folin  method  to  cheese  investigations  it  became  necessary  to 
determine  what  set  of  conditions  would  give  the  most  accurate  results  and  at 
the  same  time  allow  the  ammonia-free  extract  to  be  used  for  the  Van  Slyke 
method. 

The  apparatus  used  for  the  ammonia  determination  was  arranged  in  the 
manner  described  by  Folin  In  his  original  article.  Air  was  drawn  through  the 
apparatus  by  means  of  suction  pumps,  one  pump  for  each  determination.  The 
water  pressure  was  42  pounda 

The  cheese  solutions  were  made  by  extracting  25  grams  of  cheese  (which 
had  be«tt  ground  with  sand)  with  350  cc  portions  of  water  at  56*  C.  until 

»Zt8.  phyBlol.  Chem.,  1902-3.  17 1 161. 
•Ber.  d.  chem.  Gesell.,  1010.  4S:3170. 
y"^  »Hart,  Zts,  physiol.  Chem.,  1901,  ft:  347. 

'  « Folin,  Zts.  physiol.  Chem.,  1902-3,  t7il61;  Kober,  J.  Amer.  Chem.  Soc,  1908,  SO: 

1181;  Olll  and  Grindley,  J.  Amer.  Chem  Soc.,  1900,  Sit  1249;  Pennington  and  Green- 
lee, J.  Amer.  Chem.  Soc.,  1910.  tS:S61;  Gehellen,  Brymeldsen  and  Haevardsholn.  Chem. 
Ztg..  1909,  tSi793;  Denie,  J.  Biol.  Chem.,  1910,  8t427. 
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nearly  1,000  cc  had  been  obtained.    The  volume  was  then  made  up  to  1,000  cc 
and  filtered. 

For  the  determination  of  ammonia  100  cc  of  this  solution,  equal  to  2.5  grams 

of  cheese,  were  employed.    As  this  is  a  much  larger  volume  than  is  used  by 

Folin  a  few  determinations  were  run  on  a  solution  of  ammonium  chlorids  of 

known  strength  in  order  to  obtain  some  idea  as  to  the  amount  of  alkali  and 

^  time  required  to  drive  over  all  the  ammonia. 

md  that  4  grams  of  sodium  hydroxid  or  sodium  carbonate  and 

'  aeration  would  recover  all  the  ammonia  from  100  cc  of  ammonium 

Ion  containing  0.0280  gram  of  nitrogen. 

dium  hydroxid,  hydrolysis  may  take  place,  increasing  the  ammonia, 
Bs  may  be  precipitated  which  contain  ammonia  and  give  low 
Irolysls  may  be  prevented  by  the  addition  of  sodium  chlorid  and 
tion  of  the  phosphates  be  prevented  by  the  addition  of  potassium 

Analytical  Results. 

Its  were  investigated  with  the  results  reported  in  the  following 
e  determinations  were  made  by  distilling  with  magnesium  oxid, 
s  also  given. 

Determination  of  ammonia  in  cheeses. 
[Time  of  aeration,  4  hours.] 


AlkaUuaed. 

Nitrogen. 

10  CO  40  jw  oent  sodium  hydroxid. 

Oram. 
0.0029 

do 

.002S 

10  cc  40  Iter  cent  sodium  hydroxid+5  grams  sodium  chlorid 

•  0QEt2 

do..' r T 

4  rrams  fwdium  carbonate. . 

0027 

do 

.0028 

Magnesium  oxid  distiUed: 

^FiratlfiOcc 

.0034 

Second  150  CO 

.0006 

Third  150  cc 

.0004 

10  cc  40  per  cent  sodium  hydroxid 

.0081 

do 

.0061 

..    .do 

.0078 

do 

10  CO  40  per  cent  sodium  hydroxid+10  grams  potassium  carbonate 

do 

.0076 
.0078 

4  grams  sodium  carbonate 

.0077 

...I.do 

.0078 

4  gramssod^nm  cwbon^tA-f  io  grams  pota^^ium  carbonate. 

,0077 

...i.do r. .* 

.0079 

do 

.0076 

do 

.0081 

Magnesium  oxid  distiUe<1 : 

First  150  CO 

.0065 

Second  150  co 

.0006 

Third  160  cc 

.0008 

I  obtained  seem  to  indicate  that  the  Folln  method"  can  be  used 
Ivantage  for  the  determination  of  ammonia  in  cheese,  and  that  the 
i  employed  makes  practically  no  difference.    This  is  of  great  im- 

[ol.  Chem.,  1910,  8:407;  Steel,  ibid.,  1909,  7t36S. 

;>aper  was  written  one  of  the  authors  learned  that  Folln  has  Improved  his 
ow  ofles  a  small  volume  of  sample  (about  10  cc)  and  determlnea  the  am- 
in  the  add  by  the  colorimeter. 
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portance  if  we  are  to  use  the  solution  after  it  bas  be^i  freed  from  ammonia 
for  the  determination  of  amino  nitrogen  by  the  Van  Slyke  method.  Sodium 
hydroxid  is  to  be  preferred  in  this  case,  for  the  solution  must  be  neutralized 
and  evaporated  somewhat  and  then  brought  up  to  the  original  volume  (100  cc). 

It  is  apparent  at  once  that  the  Van  Slyke  method  for  amino  nitrogen  is  ap- 
plicable to  cheese  work.  The  only  question  arising  is  that  of  the  particular 
value  in  this  kind  of  work.  It  seems  to  the  writers  that  the  advantage  in  using 
the  Van  Slyke  method  lies  in  the  fact  that  an  indication  as  to  the  extent  of 
the  rippling  of  a  cheese  may  be  thus  obtained. 

This  is  shown  in  the  following  scheme,  which  was  suggested  in  part  by  D.  D. 
Van  Slyke,  the  originator  of  the  method. 

SOHSliS  FOB  THE  PaBTIAL  ANALYSIS  OW  THE  WaTEB  EXTRACT  OW  CHEESE. 

Make  the  water  extract  as  usual,  filtering  through  paper  before  using. 

(a)  Determine  total  nitrogen  in  the  extract 

(b)  Determine  ammonia  in  the  extract  by  the  Folin  method. 

(c)  Determine  amino  nitrogen  by  the  Van  Slyke  method,  using  a  portion  of 
the  ammonia-free  solution  from  (b)  after  it  has  been  brought  back  to  original 
volume.* 

(d)  Treat  a  portion  of  the  original  extract  with  an  equal  volume  of  concen- 
trated hydrochloric  acid  and  boil  under  a  reflux  condenser  until  completely 
hydrolized.  Evaporate  the  solution  to  remove  the  hydrochloric  acid  and  then 
make  up  to  100  cc  and  determine  the  ammonia  by  the  Folin  method. 

(e)  Determine  the  amino  nitrogen  by  the  Van  Slyke  method  in  a  portion  of 
the  ammonia-free  solution  from  (d)  after  it  has  been  brought  back  to  original 
volume.* 

An  analysis  made  according  to  this  scheme  will  give : 

(1)  Nitrogen  as  ammonia  (b). 

(2)  Amino  nitrogen  (c). 

(8)  Amino  nitrogen  bound  In  peptid  linking  (e— c). 

(4)  Nonamino  nitrogen  (a— [d+e]).  This  comes  from  the  portion  of  the 
casein  molecule  containing  arginin,  histidin,  prolin,  oxyprolln,  and  tryptophan. 

ifhe  ratio  e :  c  indicates  the  average  number  of  amino  acids  in  the  molecule 
of  the  peptids  composing  the  mixture  called  the  peptones  and  caseoses,  L  e^ 
it  is  a  chemical  index  of  the  extent  to  which  the  protein  in  the  extract  is 
broken  down.    In  a  dipeptid  the  ratio  is  2,  in  a  tripeptid  the  ratio  Is  3,  etc. 

An  analysis  of  a  camembert  cheese  made  according  to  this  scheme  gave  the 
following  results: 

Per  cent 

Total  soluble  nitrogoi 3.89 

Nitrogen  as  ammonia .43 

Nitrogen  as  amino  nitrogen .25 

Nitrogen  as  ammonia  after  hydrolysis .76 

Nitrogen  as  amino  nitrogen  after  hydrolysis 1.80 

Amino  nitrogen  bound  in  peptid  linking 1.06 

Nonamino   nitrogen 83 

Ratio  of  e:  c=1.80 : 0.25=7.2. 

Recommendations. 

It  is  recommended — 

(1)  That  the  Folin  method  for  the  determination  of  ammonia  be  further 
studied. 

(2)  That  the  Van  Slyke  method  for  the  determination  of  amino  acid  nitrogen 
be  further  studied. 

*  This  l8  done  by  adding  a  slight  excess  of  acetic  add,  evaporating  to  less  than  100  cc, 
transferring  to  a  100  cc  graduated  flask  and  making  up  to  volume. 
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REPORT  OF  COMMTTTEB  C  ON  RECOMMENDATIONS  OF  REFEREES. 

By  A,  L.  WiNTON,  Chairman, 

(Food  adulteration.) 

Spicks. 
mded — 

ther  study  be  made  of  the  ether  extract  of  paprika,  particularly 
refraction,  with  a  view  to  detecting  added  foreign  oils. 

iples  of  prepared  mustard  of  known  comi)08itlon  be  submitted  to 
r  determination  of  crude  fiber  by  the  present  official  methods. 

Ck>in)iiisiTT8  Other  than  Spices. 

mded — 

h  of  the  methods  given  In  the  report  of  the  associate  referee  as 

n  detecting  spoilage  be  farther  studied.     (See  p.  118.) 

OocoA  AND  Cocoa  Products. 
mded — 
thods  for  the  determination  of  milk  solids  In  milk  chocolate  be 


Dairy  Products. 
»ided — 

ul's  method  of  extracting  fat  from  dairy  products  be  further 
It  the  fat  obtained  by  this  method  be  studied  as  to  its  chemical 
nstants. 

Nitrogenous  Bodies  (Meat  Proteins). 

ended — 

Bulletin  107,  Revised,  page  108,  7  (a),  there  be  added  the  fol- 
:  "  If  desired,  5  to  7  grams  of  potassium  sulphate  may  be  added 
he  mercury  of  the  KJeldahl  method." 
I  referred  to  the  association  for  final  action  In  1912. 
same  modification  of  the  KJeldahl  method  be  recognized  as  pro- 
it  extracts.  Bulletin  107,  Revised,  page  114.  7  (a). 
I  referred  to  the  association  for  final  action  In  1912. 
referee  for  next  year  make  a  further  study  of  the  separation  of 
lies  (meat  proteins). 

Water  in  Foods. 
ended — 

referee  for  next  year  make  a  comparison  of  the  vacuum  method 
L9)  with  the  official  methods  for  the  determination  of  moisture 
bat  he  study  other  desiccating  agents  than  sulphuric  acid. 

Vinegar. 
ended — 

i  method  quoted  by  the  associate  referee  for  glycerin  (Ross. 
-63)  be  adopted  as  provisional. 
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(2)  That  the  provisional  method  for  pentosans  (Bui.  107,  Rev.,  p.  64)  be 
applied  to  vinegar,  with  the  direction  for  the  nse  of  the  proper  amount  of 
hydrochloric  acid  to  allow  for  the  water  in  the  vinegar. 

Adopted. 

(3)  That  the  other  methods  proposed  by  the  referee  be  continued  for  future 
study.     (See  p.  126.) 

Adopted. 

Cereals. 

It  is  recommended  that  the  following  action  be  taken  in  regard  to  the  estab- 
lishment of  methods  for  the  examination  of  wheat  flour: 

(1)  That  the  method  for  the  determination  of  moisture  given  in  Bulletin  107, 
Revised,  page  38  (1),  be  made  official  for  wheat  flour,  and  that  a  further  study 
be  made  of  the  efltoiency  of  the  vacuum  desiccator  as  compared  with  the 
vacuum  ovai. 

Adopted;  referred  to  association  for  final  action  in  1912. 

(2)  That  Method  B  of  the  associate  referee's  report  for  the  determination 
of  ash  be  made  a  provisional  method.    (See  p.  102.) 

Adopted;  referred  to  association  for  final  action  in  1912. 

(3)  That  methods  for  the  determination  of  the  acidity  of  the  water  extract 
of  flour  be  further  studied  with  reference  to  the  temperature  of  the  water  and 
time  of  extraction. 

Adopted. 

(4)  That  the  method  for  the  determination  of  the  ether  extract  given  in 
Bulletin  107,  Revised,  page  39,  5  (b)  (1),  be  made  official. 

Approved  and  referred  to  the  association  for  final  action  in  1912. 

(5)  That  the  method  of  Bryan,  Given,  and  Straughn  for  the  determination 
of  soluble  carbohydrates  be  given  a  more  extended  trial.  (See  statement  of 
method  below.) 

Adopted. 

(6)  That  protein  be  calculated  from  the  nitrogen  determined  by  the  KJeldahl 
or  Gunning  method,  using  the  factor  5.70. 

Adopted.- 

(7)  That  Winton's  gasoline  color  value  method  be  made  provisional  (Bui. 
137,  p.  144). 

Adopted. 

(8)  That  a  study  be  made  of  methods  for  the  determination  of  nitrites  in 
flour. 

Adopted. 

(9)  That  experiments  be  made  on  the  feasibility  of  determining  acidity  and 
nitrites  in  aliquots  of  the  same  water  extract  of  fiour. 

Adopted. 

The  following  statement  of  the  method  of  Bryan,  Given,  and  Straughn  is 
submitted  as  showing  the  form  in  which  it  should  be  considered  for  adoption ; 
details  and  discussion  given  in  Circular  71: 

BBTAN,    GIVEN,    STRAUGHN    METHOD    FOR    THE    DETERMINATION    OP    SOLtTBLE    CARBO- 
HYDRATES. 

(a)  Preparation  of  solution,— Pletce  12  grams  of  the  finely-ground  material 
in  a  300  cc  graduated  fiask,  vdth  1  to  3  grams  of  precipitated  calcium  carbonate 
to  neutralize  the  acidity,  add  150  cc  of  50  per  cent  alcohol  by  volume  (care- 
fully neutralized),  mix  thoroughly,  and  boil  on  a  steam  bath  for  one  hour, 
using  a  small  funnel  in  the  neck  of  the  flask  to  condense  thcT  vapor.  Oool, 
make  to  volume  (300  cc)  with  95  per  cent  alcohol  (neutral  in  reaction),  mix 
thoroughly,  allow  to  settle.    Transfer  200  cc  to  a  beaker  with  a  pipette,  and 
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evaporate  on  a  steam  bath  to  a  yolome  of  from  20  to  30  cc,  hut  not  to  dryness. 
This  should  remove  all  but  traces  of  alcohoL  Add  20  cc  of  water,  stir*  and 
transfer  the  solution  to  a  100  cc  graduated  flask,  washing  the  beaker  with 
water  into  the  flask.  Add  to  this  enough  saturated  solution  of  neutral  lead 
acetate  from  a  burette  or  pipette  to  produce  complete  precipitation,  but  avoid 
an  excess.  Allow  to  stand  15  minutes  and  make  up  to  a  volume  of  100  cc  with 
water,  shake  well,  and  fliter.  At  least  75  cc  of  flitrate  should  be  obtained. 
Add  anhydrous  sodium  carbonate  or  potassium  or  sodium  oxalate  to  precipi- 
tate all  the  lead,  allow  to  stand  15  minutes,  and  pour  onto  an  ashless  filter. 
Test  the  filtrate  for  lead  with  small  quantities  of  the  precipitating  agents 
mentioned  above  and  refllter  if  necessary.  This  solution  represents  the  sugars 
from  8  grams  of  the  original  material  and  is  used  in  the  following  deter- 
mination. 

(b)  Reducing  sugars, — Use  25  cc  of  the  flitrate  together  with  25  cc  of  water 
as  the  sugar  solution  for  Munson  and  Walker's  method  (Bui.  107,  Rev.,  p. 
241),  or  25  cc  of  the  solution  for  Allihn's  method  (ibid.,  p.  49).  With  Allihn's 
method  the  amount  of  dextrose  found  is  multiplied  by  the  fiictor  1.044  to 
obtain  the  equivalent  in  invert  sugar. 

(c)  Sucrose, — Place  50  cc  of  the  filtrate  from  (a)  in  a  covered  400  cc  beaker. 
In  case  sodium  carbonate  was  used  to  throw  out  the  lead,  add  a  small  piece 
of  litmus  paper  and  neutralize  with  acetic  acid,  then  add  5  cc  of  concentrated 
hydrochloric  acid,  and  allow  to  stand  overnight  for  inversion.  If  potassium 
or  sodium  oxalate  was  used  for  removing  lead  it  is  nor  necessary  to  neutralize, 
but  the  acid  can  be  used  direct  At  the  expiration  of  24  hours  neutralize  with 
anhydrous  sodium  carbonate,  wash  into  a  100  cc  flask,  and  make  up  to  the 
mark.  Filter,  if  necessary,  and  use  50  cc  for  the  determination  of  total  sugars 
as  Invert  by  the  method  of  Munson  and  Walker  or  25  cc  by  the  method  of 
Allihn.  Subtract  the  percentage  of  reducing  sugars  before  inversion  calculated 
as  invert  sugar  from  the  percentage  of  total  invert  sugar  after  inversion  and 
multiply  this  product  by  0.95  to  obtain  the  percentage  of  sucrose. 

For  more  exact  results  it  is  necessary  to  determine  the  volume  occupied  by 
the  12  grams  of  material  used  in  this  work  and  to  account  for  it  A  large 
number  of  determinations  has  shown  the  average  volume  of  12  grams  to  be 
9  cc.  Therefore  the  correction  would  be  0.97,  and,  hence,  the  percentages  of 
original  sugars  and  sucrose  should  be  multiplied  by  this  factor  to  obtain 
the  most  accurate  results. 

Flavobiitg  Extracts. 

It  is  recommended — 

(1)  That  the  method  of  determining  vanillin,  coumarln,  normal  lead  number, 
and  residual  color  in  one  weighed  portion,  as  proposed  by  Winton,  Lott,  and 
Berry,  he  provisionally  adopted,  changing  the  text  of  the  method  as  adopted 
at  the  last  meeting  (Bui.  137,  p.  68)  so  as  to  include  the  detail  of  precipitation 
at  a  standard  temperature,  37''  to  40*"  G.  (BuL  137,  p.  120),  and  to  make  quan- 
titative the  provisional  method  for  the  determination  of  color  in  the  filtrate^ 
as  given  in  Bulletin  107,  Revised,  p.  159, 11  (b).    (See  p.  144.) 

Adopted. 

(2)  That  the  preceding  method  for  determining  vanillin,  coumarin,  normal 
lead  number,  and  residual  color  in  filtrate  in  one  weighed  portion  of  sample 
be  further  studied  next  year  for  the  special  purpose  of  ascertaining  the  limits 
of  composition  of  standard  vanilla  extracts. 

Adopted. 

(3)  That  Tolman*s  method  for  determining  per  cent  of  color  insoluble  in 
amyl  alcohol  (Marsh  reagent)  be  adopted  as  provisional,  and  that  the  text 
of  the  method  as  published  in  the  Proceedings  of  the  Association  of  Official 
Agricultural  Chemists  (Bui.  132,  p.  90)  be  inserted  as  (c)  under  "11.  Test 
for  coloring  matter,"  in  Bulletin  107,  Revised,  page  159.  Twenty-five  cubic  centi- 
meters of  the  sample  is  sufficient  for  the  test  It  is  further  reconmiended  that 
this  method  be  studied  next  year  for  the  purpose  of  determining  the  range  of 
values  for  pure  vanilla  extracts. 

Adopted. 

(4)  That  the  provisional  and  other  methods  for  the  determination  of  ben- 
zaldehyde  in  almond  extract  be  farther  studied,  with  the  view  to  determiniug 
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the  reliability  of  the  methods  and  also  the  conditions  under  which  aldehyde  is 
oxidized  to  benzoic  acid  in  commercial  extracts,  as  well  as  the  extent  of  such 
oxidation.     (Bui.  137,  p.  74;  Clr.  06,  p.  21.) 
Adopted. 

(5)  That  Mitchell's  modification  of  the  Seeker  test  for  ginger  be  further 
studied.     (See  p.  137.) 

Adopted. 

(6)  That  the  method  for  the  detection  of  cai 
proposed  by  Doyle,  modifying  the  La  Wall  metho 
The  Doyle  method  is  not  essentially  different  fi 
of  procedure,  however,  are  such  as  to  make  the 
set  forth  moi'e  clearly  than  in  the  latter  method. 

Approved  and  referred  to  the  association  for  flna 

(7)  That  the  Street-Morrison  method  (Bui.  IS*! 
methods  for  examining  and  identifying  the  comp 
ginger  extracts  be  a  subject  for  study  next  year, 
for  proving  adulteration  in  alcoholic  extracts  of  i 

Adopted. 

(8)  That  the  subject  of  the  determination  of  oil 
be  studied  further  and  that  other  methods  be  tri( 
methods  tried  this  year  proved  utterly  unreliable. 

Adopted. 

(9)  That  for  the  determination  of  oil  of  winter^ 
both  of  the  following  methods  be  further  studied : 

First.  Howard's  method  as  described  in  J.  In 
using  cold  dilute  sulphuric  acid  (1:2)  for  the  floai 

Second.  Hortvet  and  West's  method  of  saponifj 
salicylic  acid.     (J.  Ind.  Eng.  Ghem.,  1909,  1 :  90.) 

Adopted. 

(10)  That  the  Howard  method  (Bui.  137,  p.  7 
oil  of  peppermint  in  alcoholic  solutions,  which  wj 
year,  be  given  further  study.  This  method  has  \h 
of  greater  accuracy,  by  its  author,  and  the  new 
Bng.  Chem.,  1911,  3 :  252. 

Fats  and  Oils. 
It  is  recommended — 

(1)  That  further  work  be  done  on  the  Emery 
Dept  Agr.,  Bureau  of  Animal  Industry,  Cir.  132.) 

Adopted. 

(2)  That  the  provisional  method  for  the  prepi 
official.     (Bui.  107,  Rev.,  p.  129.) 

Approved  for  final  action  in  1912. 

(3)  That  the  referee  for  next  year  study  the 
official  method  for  the  determination  of  specific  i 
method  at  75*  C. 

Adopted. 

(4)  That  method  '*(c)  Zeiss  Butyro  Refractomei 
be  made  official  instead  of  provisional,  as  at  presen 

Approved  for  final  action  in  1912. 

(5)  That  the  provisional  method  for  the  meltin 
107,  Rev.,  p.  185  (b) )  be  made  to  include  the  fat  a 
to  read  as  follows : 

Draw  the  melted  fat  or  fatty  acids  into  a  thin-^ 
or  2  inches  long,  according  to  the  length  of  the  bi 
Seal  one  end  of  the  tube  and  allow  the  fatty  acl< 
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15  hours.  Attach  to  the  bulb  of  a  delicate  thermometer  graduated  to  0^*, 
Immerse  in  a  large  test  tube  of  water  surrounded  by  a  bealier  of  water,  and 
heat  Tery  slowly.  An  apparatus  similar  to  that  indicated  for  use  in  the  Wiley 
method,  but  smaller,  will  prove  satisfactory.  The  point  at  wliich  the  substance 
becomes  transparent  should  be  taken  as  the  melting  point 

Adopted,  final  action. 

(6)  That  method  "12.  Determhiation  of  free  fatty  acids"  (Bui.  107,  Bev., 
p.  143)  be  made  official  instead  of  provisional,  as  at  present 

Approved  for  final  action  in  1912. 

(7)  That  the  Halphen  reaction  for  cottonseed  oil  (Bui.  107,  Rev.,  p.  144, 
17(b) )  be  made  official  instead  of  provisional. 

Approved  for  final  action  in  1912. 

(8)  That  the  Bechl  or  silver  nitrate  test  for  cottonseed  oil  (BuF.  107,  Rev.,' 
p.  145,  17(c))  be  made  official. 

Approved  for  final  action  in  1912. 

(9)  That  the  Baudouin  test  for  sesame  oil  (Bui.  107,  Rev.,  p.  146,  17(e)) 
be  made  official. 

Approved  for  final  action  in  1912. 

(10)  That  the  Villa vecchia  test  for  sesame  oil  (Bui.  107,  Rev.,  p.  146.' 
17(f))  also  be  made  official. 

Approved  for  final  action  in  1912. 

(11)  That  any  cut  appearing  in  the  text  of  the  chapter  on  ftits  and  oils. 
Bulletin  107,  Revised,  be  considered  merely  as  an  illustration  and  not  as  an 
integral  part  of  the  method. 

Approved  for  final  action  in  1912. 

A  supplementary  report  on  the  separation  of  nitrogenous  bodies 
.(milk  and  cheese)  was  made  by  Mr.  Street  as  chairman  of  com- 
mittee A  (see  page  86). 

A  NOTB  ON  THE  DETERMINATION  OF  BENZALDEHYDE  IN  LIQUEURS, 
DISTILLED  LIQUORS,  AND  CORDIALS. 

By  F.  G.  Smith.* 

The  method  used  consisted  of  a  simple  distillation  and  a  precipitation  with 
phenylhydrazin  as  proposed  by  Denner*  and  further  improved  by  Denis  and 
Dunbar.*  Folln  and  several  other  investigators  claim  that  many  fruit  products 
show  about  0.015  per  cent  benzoic  acid  by  the  quantitative  methods  now  in  use. 
This  fact  makes  the  oxidation  method  for  the  determination  of  benzaldehyde 
unreliable  for  traces.  Work  done  recently  on  maraschino  liqueurs  and  cherries 
shows  practically  no  benzaldehyde  In  genuine  maraschino  preparations.  This 
would  be  expected  from  the  fact  that  maraschino  is  prepared  from  a  cherry  ma^ 
and  sometimes  the  distillate  is  flavored  with  broken  cherry  pits.  Several  arti- 
ficial maraschino  liqueurs  were  prepared  containing  a  known  amount  of  com- 
mercial b«izaldehyde,  which  was  assayed  by  the  Denis-Dunbar  method  and 
found  to  contain  87  per  cent  of  this  substance.  A  fractional  distillation  of  the 
first  maraschino  liqueur  prepared  gave  about  98  per  cent  of  the  b^zaldehyde 
recovered  in  the  first  two  10  cc  fractions ;  the  next  20  cc  fraction  recovered  the 
remaind^.  The  total  recovery  from  the  200  cc  distilled  was  about  90  per  cent 
of  the  benzaldehyde  present.  This  liqueur  stood  in  contact  with  the  air  some 
time  after  being  prepared,  and  some  of  the  tienzaldehyde  was  undoubtedly  lost 

1  Presented  by  Mr.  A.  S.  Mitchell. 
•Zts.  anal.  Cbem.,  1890,  t%i  228. 
*J.  Ind.  Eng.  Chem.,  1909,  It  260. 
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Several  fractional  distillations  of  an  artificial  maraschino  gave  the  following 
amounts  of  benzaldehyde : 

Recovery  of  henzaJdchyde  hy  fractUmal  distillation  of  three  200  ce  samples  of 

artifieial  maraschino. 


Fraction. 

0.10  gram  oommerclal  benzal- 
dehyde present. 

0.06  gram  com- 
mercial benzal- 
dehyde present. 

Number  of  dIstillaUons. 

Sample  1: 

Distilled  in 

current  of 

carboh  dioxid. 

Sample  2: 
Distilled  m  air. 

Sample  3: 
60  Rrams  pow- 
dered sodium 
chlorid  added; 
distiUed  in  air. 

ft. 

10 
10 
20 
20 
20 
20 
20 
20 

Oram, 

aoeoo 

.0184 
.0070 
.0019 
.0005 
.0023 
.0004 
.0000 

Oram. 
1.0551 
.0193 
.0105 
.0010 
.0000 
.0011 
.0008 
.0000 

Oram. 

a0408 

2 

.0062 

3 

.0012 

4 

.0019 

6 

6 

7 

8 



Total  amount 

.0905 
90.5 

.0834 
8a4 

.0591 

Per  cent  recovered ...                               ... 

93.5 

1 

The  high  per  cent  of  l)enzaldehyde  recovered  in  the  sodium  chlorid  distillation 
is  due  to  a  probable  decomposition  of  sucrose  resulting  in  volatile  substances 
precipitable  by  phenyl hydrazin.    Distillations  of 
with  sucrose  showed  an  increased  precipitate  in  tl 
prepared  entirely  of  invert  sugar,  as  in  the  case  o 
in  the  last  three  fractions. 

The  conditions  essential  to  a  complete  precipit 
studied  on  pure  solutions  of  benzaldehyde  and  on 
this  laboratory  as  well  as  on  a  numl>er  of  genuii 
In  this  work  the  volume  from  which  the  benza 
Icept  as  small  as  possible,  as  a  large  volume  of 
decomposition  of  phenylhydrazin,  caused  by  the 

Alcohol  up  to  20  per  cent  by  volume  in  the  sol 
mination,  as  will  be  shown  by  the  following  tat 
excess  of  alcohol  can  be  l>oiled  ofif  without  affe< 
of  quite  large  excesses  of  the  reagent,  but  th( 
to  handle. 

Benzaldehyde  determinations  in  the  presence  of 

[0.10  gram  present.} 


Number. 

Benzalde- 
hyde found. 

Alcohol. 

Per  cent  bp 

Oram, 

volumt. 

1 

0.0872 

5 

2 

.0883 

10 

3 

.0882 

20 

4 

.0817 

50 

5 

.0882 

1  10 

6 

.0880 

»20 

7 

.0876 

MO 

8 

.0877 

«20 

9 

.08(»8 

4 

10 

.0886 

4 

11 

.0882 

4 

12 

.0882 

4 

I  Alcohol  boiled  out. 
33547"— Bull.  152—12 13 


«  Added  af  tei 
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The  solubility  of  a  pure  benzalphenylhydrazone  in  distilled  water  was  found 
to  be  less  than  3  parts  in  100,000  and  is  not  appreciably  increased  by  a  small 
per  cent  of  alcohol.  The  12  determinations  on  a  0.10-gram  sample  of  the 
commercial  product  used  gave  in  each  case  within  0.5  mg  of  0.088  gram  of 

Hon  9!n  1  #1  ah  vfl  o 

for  weighing  the  precipitated  benzalphenylhydrazone  was 
ilrable  results.  It  consisted  in  balancing  two  9-cm  filter 
rough  the  two  papers  superimposed,  and  counterbalancing 
i  other  In  weighing  the  precipitate.  The  precipitates  were 
oven  and  overnight  in  a  sulphuric  acid  desiccator.  Four 
J  made  on  thte  benzaldehyde  used,  with  the  following  results : 

rde.  Benzaldehyde  recovered. 

0.  0883 

.0078 

.  0009 

slight  but  distinct  precipitate. 

'  benzaldehyde  was  added  to  100  cc  of  distilled  water  and 
int  of  carbon  dioxid.    Practically  all  of  the  benzaldehyde 

tie  conversion  of  benzalphenylhydrazone  Into  benzaldehyde 
Bnzal-semicarbazid  to  benzaldehyde  0.7213. 
tlon  in  air  seems  usually  to  recover  the  full  amount  of  the 
itillation  in  carbon  dioxid  always  does,  and  for  this  reason 
It  was  found  helpful  to  wash  the  precipitate  once  in  each 
Btlc  acid. 

)f  imported  maraschino  cherries,  probably  genuine,  and  two 
10  liqueurs  were  found  to  contain  the  following  amounts  of 

Grams  per  100  cc. 

tqueur '  0. 0018 

1 .  0000 

berries,  juice .0001 

. 0000 

.0003 

.  0000 

)ducts: 

Ino  liqueur .  0150 

no  cherries,  juice .0065 

.0177 

— - .  0062 

. 0000 

.0160 

.0120 

.  0035 

.0100 

.  0232 


ihydrazone  in  each  case  is  identified  by  the  melting  point 
test  (see  page  105),  which  gives  positive  results  with  1  mg 
directly  with  2  or  8  mg  of  the  benzalphenylhydrazone.    In 

t  of  this  precipitate  was  very  low,  indicating  that  it  was  not 
i,  but  a  sugar  decomposition  product 
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all  cases  the  precipitate  was  found  to  be  quite  pure  benzalphenylhydrazone  If 
appreciable  in  amount 

The  precipitation  of  benzaldehyde  by  semicarbazld  hydrochlorid  as  benzal 
semicarbazone  was  found  to  give  very  concordant  results  and  to  agree  very 
closely  with  the  phenylhydrazone  method. 

Benzaldehyde  recovered  from  0,10  gram  commerieal  product. 

Precipitated  in  20  per  cent  alcohol 0.0888 

Precipitated  in  50  per  cent  alcohol .0436 

0.01  gram   commercial .0078 

0.001  gram  commercial.    No  precipitate. 

Alcohol  boiled  out .0888 

Ammonia    added .  0916 

Acetic   acid   added .0892 

When  using  the  semicarbazld  method  the  precipitate  should  be  allowed  to 
stand  overnight  as  it  does  not  form  as  readily  as  the  phenylhydrazone.  The 
semicarbazone  formed  is  not  contaminated  with  decomposition  products  as  in 
the  case  of  the  hydrazone  and  it  is  much  easier  to  handle.  The  phenylhydrazin, 
however,  is  much  more  delicate  in  detecting  traces,  as  the  semicarbazld  hydro- 
chlorid gives  no  precipitate  with  amounts  up  to  2  or  3  mg.  The  phenylsemi- 
carbazid  hydrochlorid  was  dissolved  in  water  to  make  a  1  i)er  cent  solution. 
This  reagent  Is  fairly  stable  while  the  phenylhydrazin  must  be  frequently  re- 
distilled and  always  prepared  absolutely  fresh. 

Melzer  method  for  the  detection  of  benzaldehyde  and  phenol.^ — ^Add  to  1  cc 
of  phenol  solution,  as  an  aqueous  distillate,  2  cc  concentrated  sulphuric  acid, 
and  1  to  2  drops  of  benzaJdehyde  and  boll.  To  test  for  benzaldehyde,  add 
phenol.  The  initial  yellowish  brown  color  becomes  dark  red  and  a  red  resinous 
substance  separates  out  on  dilution.  Let  cool  and  add  10  cc  of  water  and  20 
per  cent  potassium  hydroxid  until  distinctly  alkaline.  Phenol,  in  the  presence 
of  benzaldehyde,  gives  a  blue  violet  color.  The  resultant  dye  can  be  extracted 
from  the  acidified  solution  with  ether.  The  method  is  sensitive  to  0.005  gram 
of  phenoL 


NOTE  ON  A  TENTATIVE  METHOD  FOR  THE  DETERMINATION  OF 
ESSENTIAL  OIL  IN  ALCOHOLIC  SOLUTIONS. 

By  R.   S.  HiLTNEB. 

Owing  to  the  apparent  failure  of  existing  methods  for  the  determination  of 
oil  of  peppermint  and  of  nutmeg  in  the  so-called  extracts  the  associate  referee 
has  attempted  to  devise  a  new  method  that  will  give  more  satisfactory  results. 
He  offers  the  following  only  tentatively  as  an  outline  of  a  process  that  seems 
promising : 

Prepare  a  quantity  of  hydrocarbon  oil  (boiling  at  175*  to  200*  C),  by  frac- 
tional distillation  of  commercial  kerosene,  pipette  10  cc  of  the  extract  sample 
into  a  Babcock  milk  bottle,  add  1  cc  (accurately  measured)  of  hydrocarbon 
oil,  2  drops  of  concentrated  hydrochloric  acid,  and  25  cc  of  hot  water ;  shake 
vigorously,  warm  on  the  steam  bath  to  about  80**,  whirl  in  a  centrifuge,  add 
water  so  as  to  bring  the  floating  oil  into  the  neck  of  the  flask,  and  again  whirL 
Determhie  the  refractive  index  of  the  separated  oil  and  of  the  hydrocarbon  oil 
used  at  20**  C.    To  ascertain  the  quality  of  the  oil  present  In  the  sample  it  may 

1  Zt8.  anal.  Cbem.,  1898,  S7 :  345. 
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»at  on  water  tbe  essential  oil  in  another  portion,  and  determine 
Bx,  following  In  a  general  way  the  procedure  for  determining 
ai  in  Bulletin  107,  Revised,  page  156,  paragraph  4  (a).  It 
;o  calculate  the  percentage  of  essential  oil  from  these  data. 

called  attention  to  the  fact  that  it  was  very  necessary 
ds  used  by  the  Government  chemists  in  work  done 
law  in  determining  nitrites  in  flour  should  have  the 
le  association  and  be  given  the  standing  of  official 
his  end  it  was  moved  that  permission  be  given  to  in- 
lods  in  the  Proceedings  of  1911  at  the  close  of  the 
eferee  on  cereals,  in  order  that  they  might  be  before 
with  a  view  to  their  adoption  at  the  next  meeting, 
vas  carried.    (See  p.  113  for  statement  of  methods.) 
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THIRD   DAY. 

WEDNESDAY— MORNING  SE 

The  Secretary  of  Agriculture  addressed  tl 
opening  of  the  session,  calling  attention  especi 
tivities  of  the  Department  of  Agriculture,  the 
ing  solution,  and  the  fundamental  part  playec 
work  by  the  chemists.  Good  and  cheap  food,  i 
insecticides,  good  roads,  and  cold  storage  in  its 
ply  and  quality  were  among  the  topics  discuss^ 
closing  expressed  his  desire  to  facilitate  the  w< 
in  every  way  possible,  with  the  cooperation  of  1 
of  the  association. 

Mr.  Withers,  as  chairman  of  the  committee 
cultural  research,  reported  that  Congress  had 
priate  $20,000  for  the  publication,  in  the  fom 
original  and  technical  work  of  the  experiment 
tion  adopted  by  the  association  at  its  last  m 
recommendation  was  duly  transmitted  by  the  c( 
The  item  in  the  appropriation  bill  was  thro^ 
upon  a  point  of  order,  and  later  inserted  by 
finally  stricken  out  in  conference. 

As  it  appeared  to  the  conmiittee  impractical 
tion  at  this  time  they  requested  to  be  discharge 

The  report  was  accepted  and  the  conunittee 
mended. 

REPORT  ON  FEEDS  AND  FEEDING 

By  G.  M.  MacNideb,  Referee 

Acidity  of  F'eeds. 

The  work  on  the  determination  of  the  acidity  of  f< 
this  year,  as  the  determination  of  acidity  is  of  little  < 
the  value  of  a  feed  except  in  the  ease  of  gluten  feeds  a 
by  fermentation,  etc.  In  such  cases  the  estimation  of 
gives  the  desired  information  in  regard  to  the  feed 
of  the  total  soluble  acidity  the  method  proposed  in  the  ! 

(107) 
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and  accurate  means  of  estimating  the  acidity  of  a  feed.    The  method  is  as 
follows : 

Weigh  10  grams  of  the  sample  into  a  shaldng  bottle,  add  200  cc  distilled  water, 
and  simke  for  15  minutes.  Filter  the  extract  through  a  folded  filter  and  take 
an  aliquot  of  20  cc  (equal  to  1  gram  of  sample)  for  the  titration.  Dilute  witli 
50  cc  distilled  water  and  titrate  with  standard  decinormal  sodium  hydroxld 
solution,  using  phenolphthalein  as  indicator. 

The  recommendation  of  the  committee  "that  the  subject  of  the  acidity  of 
conmiercial  feeds  be  studied  with  special  reference  to  eliminating  the  error 
due  to  the  proteins ''  has  not  been  taken  up.  To  determine  satisfactorily  the 
effect  of  the  acidity  of  the  proteins  would  require  a  thorough  investigation  Into 
the  reactions  of  the  different  proteins  occurring  In  the  various  feeds,  and  it  was 
not  thought  advisable  to  take  up  such  a  piece  of  research  with  this  problem. 

As  gluten  feeds  usually  show  a  higher  acidity  than  other  feeds  and  are  among 
the  few  which  are  treated  chemically  during  the  process  of  manufacture,  the 
nature  of  their  acidity  has  received  considerable  attention  by  a  number  of 
stations.  The  references  to  this  literature  are  given  in  the  last  report.  Jordan  * 
has  recently  published  the  results  of  Investigations  on  the  "  acidity  of  gluten 
feeds."  In  this  work  the  nature  of  the  acidity  of  the  feeds  and  also  of  the  steep 
water,  which  is  added  to  the  feed  during  the  process  of  manufacture,  was  studied. 
The  author  concludes  that  the  acidity  of  gluten  feeds  is  caused  by  the  addition  of 
steep  water,  a  by-product  obtained  in  the  manufacture  of  com  products.  The 
steep  water  contains  two  constituents  which  give  it  an  acid  reaction,  namely, 
amino  acids  and  phosphorus  compounds.  The  steep  water  contains  traces  of 
mineral  acids.  They  are  present  in  such  small  quantities  that  they  need  not  be 
considered  as  imparting  any  deleterious  properties  to  the  feed  when  steep  water 
is  added  to  it  This  work  bears  out  the  statements  which  have  previously  been 
made  in  regard  to  the  acidity  of  gluten  feed;  i.  e.,  that  the  acidity  is  not  caused 
by  the  presence  of  mineral  acids ;  and  It  is,  therefore,  misleading  to  report  the 
acidity  of  a  feed  in  terms  of  a  mineral  acid. 

Ck)MPABI80N   OF  THE   OFFICIAL    (EtHYL  EtHEB)    METHOD  FOB   DETEBMINING   FaT 
WITH  THE  PeTBOLEUM  E}THEB  METHOD. 

The  petroleum  ether  method  for  determining  fat  in  cottonseed  products  was 
compared  with  the  official  method,  as  recommended,  to  ascertain  the  difference 
in  the  results  by  the  two  methods.  The  petroleum  ether  method,  which  has 
been  adopted  by  the  Ck)ttonseed  Crushers  Association  for  determining  oil  In 
cottonseed  products,  is  as  follows:  Extract  2  to  5  grams  of  the  meal,  without 
previous  drying,  for  three  hours  in  a  Soxhlet  apparatus  with  petroleum  ether 
boiling  under  65**  C.  Then  evaporate  off  the  ether,  weigh  the  residue,  and 
report  as  oil. 

iNew  York  (Geneva)  Agr.  Exper.  Sta.,  Tech.  Bui.  No.  16. 
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ANALYTICAL  DATA. 

The  following  comparative  work  has  been  done : 

Cooperative  work  on  fat  in  cottonseed  meal  hy  two  methods. 


Number  and  analyst. 

Offlntal 

ethyl  ether 

method. 

Petrolemn 

ether 
method. 

Number  and  analyst 

Official 

ethyl  ether 

method. 

Petroleum 

ether 
method. 

F.  D.  Fuller,  Indianft:  i 
08 

PereenL 
8.31 
9.18 
6.55 
8.38 
8.92 
7.84 
8.24 
7.83 
8.60 
7.69 
7.14 
8.31 
12.52 
7.71 
8.32 
7.78 
9.02 
8.06 
4.57 

7.72 
9.54 
8.10 

Percent. 
8.02 
9.13 
5.85 
8.21 
8.54 
7.81 
7.87 
7.25 
8.30 
7.26 
6.79 
8.34 
12.53 
7.79 
8.34 
7.25 
8.46 
7.64 
4.53 

7.30 
9.17 
7.73 

O.  M.  MacNider,  North 
Carollnfr-Continued. 
4294 

PereenL 
7.47 
8.16 
7.35 

7.39 
8.12 
5.63 
4.71 
10.69 

7.58 
8.73 
6.78 
8.18 
6.10 
8.56 
6.69 
7.75 
7.85 
8.63 

PereenL 

09 

7.12 

010 

4296    ..  . 

7.98 

Oil 

4297 

7.20 

012 

0.  L.  Bidwell  and  C.  E. 
Goodrich,  Washington, 
D.  C:  1 
A 

013 

014 

015 

7.51 

p       016 

B 

7.90 

017 

c 

5.62 

018 

D     .. 

4.80 

019 

E« 

10.22 

020 

J.  B.  Herron,  Texas: 
1 

021 

7.18 

022 

2 

8.60 

023 

3 

6.54 

024 

4 

8.03 

025 

5 

5.80 

026 

6.   .  . 

8.26 

O.  M.  MaoNlder,  North 

7 

6.86 

Carolina: 

8 

7.60 

4290 

9 

7.91 

4291 

10 

8.63 

4292 

1  Results  are  averages  of  two  or  more  determinations. 


>  Cold-press  meal. 


The  average  difference  in  the  results  is  0.29  per  cent  in  favor  of  the  ethyl 
ether ;  the  greatest  difference  is  0.70  per  cent,  the  smallest  0.01  per  cent  With 
eight  determinations  the  i)etroleum  ether  gives  slightly  higher  results  than  the 
ethyl  ether. 

COMMENTS  PT   ANALYSTS. 

F.  D.  Fuller:  The  results  obtained,  with  few  exceptions,  show  what  might 
be  exi)ected,  namely,  that  petroleum  ether  boiling  under  65**  C.  removes  less  fat 
than  does  ethyl  ether.  Inasmuch  as  ethyl  ether  dissolves  chlorophyl,  resins, 
gums,  alkaloids,  and  similar  bodies  in  cesi)ect  to  which  x)etroleum  ether  is  almost 
inert  it  appears  that  the  extract  obtained  by  using  petroleum  ether  more  nearly 
represents  the  amount  of  true  fat  than  is  the  case  when  ethyl  ether  is  used  as 
the  solvent,  although  lack  of  time  prevented  a  comparative  study  of  the  fat 
constants. 

The  advantages  of  using  petroleum  ether  are  obvious — ^first,  the  extraction  Is 
made  without  previous  removal  of  moisture;  second,  the  extraction  is  com- 
pleted in  three  hours;  tliird,  the  petroleum  ether  can  be  obtained  for  approxi- 
mately 30  cents  a  gallon,  an  item  which  naturally  appeals  to  the  commercial 
chemist;  and  fourth,  the  extract  undoubtedly  more  nearly  represents  the  pure 
fat  content  of  the  substance  under  examination. 

The  chief  disadvantages  in  using  petroleum  ether  are  that  at  least  two 
hours  are  required  to  obtain  an  extract  whose  weight  is  constant,  and  that 
petroleum  ether  does  not  remove  certain  substances  soluble  in  ethyl  ether  which 
heretofore  have  been  counted  as  fat  and  in  many  cases  considered  as  such  in 
experiments  in  animal  nutrition. 

G.  M.  MacNider:  The  advantages  of  the  petroleum  ether  method  for  the 
commercial  chemist  are  very  great — first,  the  cost  of  the  petroleum  ether  is 
very  much  less  than  ethyl  ether;  second,  the  sample  does  not  have  to  be  dried 
before  extraction,  and  the  time  required  for  extraction  is  three  hours  against 
sixteen  hours  by  the  official  record. 

G.  L.  Bidwell:  I  do  not  like  to  see  the  petroleum-ether  method  made  official 
and  used  in  all  cases  on  cottonseed  meals.  In  some  samples  it  runs  higher,  and 
in  others  lower  than  the  official  method.  I  believe  that  it  does  have  value  as  a 
control  method  in  the  mills,  but  think  the  variations  from  the  official  method 
are  too  great 
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From  these  data  It  is  seen  that  the  average  difiference  In  the  results  by  the  two 
methods  is  0.29  per  cent  in  favor  of  the  ethyl  ether.  EYom  other  work  which 
has  been  done  this  average  seems  to  represent  the  difference  which  may  usually 
be  expected  between  the  two  methods.  It  is  known  that  the  extract  by  petro- 
leum ether  represents  more  nearly  the  actual  fat  than  the  ethyl  ether  extract. 
Petroleum  ether  is  very  nearly  inert  In  regard  to  chlorophyl  and  other  vege- 
table compounds  which  are  readily  soluble  in  ethyl  ether.  The  saving  to  the 
commercial  chemist  when  the  petroleum-ether  method  is  used  in  both  the  cost 
of  the  solvent  and  the  time  required  to  make  the  analysis  is  very  large,  and  It 
therefore  seems  advisable  for  the  association  to  recognize  this  method. 

Comparison  or  the  Proposed  Modification  of  the  Method  for  the  Deter- 
mination OF  Crude  Fiber  with  the  Official  Method. 

In  compliance  with  the  recommendation  of  the  committee,  the  proposed  modi- 
fication of  the  official  method  for  the  determination  of  crude  fiber  was  studied. 
The  method  is  as  follows :  « 

Place  2  grams  of  the  sample  in  a  wide-mouth  Erlenmeyer  flask  of  liter  size, 
inserting  a  small  air  condenser  in  the  mouth  of  the  flask  to  prevent  concentra- 
tion, due  to  the  loss  of  steam.  To  the  sample  add  200  cc  of  a  1.25  per  cent  solution 
of  boiling  sulphuric  acid,  as  in  the  official  method.  Heat  to  boiling,  and  after 
boiling  for  thirty  minutes  treat  as  follows:  Neutralize  with  a  10  per  cent  solu- 
tion of  sodium  hydroxid,  u.sing  a  few  drops  of  phenolphthalein  as  indicator, 
approximately  25  cc  of  sodium  hydroxid  are  required.  Add  at  once  200  cc 
of  a  2.G5()  per  cent  solution  of  boiling  sodium  hydroxid  and  continue  the  diges- 
tion at  the  boiling  point  for  thirty  minutes  longer,  in  the  same  manner  as  in 
the  treatment  with  acid.  Then  filter  the  alkaline  solution  containing  the  fiber 
residue  through  a  linen  cloth  rapidly  and  wash  repeatedly  with  boiling  water. 
Transfer  the  fil>er  residue  to  a  tared  platinum  Gooch  crucible  and  wash  with 
alcohol  and  ether.  Dry  at  100**  C.  and  weigh.  Ignite  the  dried  residue  and 
again  weigh,  the  loss  in  weight  giving  the  weight  of  fiber. 

ANALYTICAL  RESULTS. 

The  following  comparative  work  has  been  done: 


Comparison   of  the  proposed   modified   method  tcith   the   official  method  far 

dctifrtnining  crude  fiber. 

Number  of  sample  and  analyst. 

Sample. 

Official 
method. 

Proposed 
meuiod. 

N.  H.  Ulman,  Pennsylvania:  >  > 
5272 

Blatchford's  calf  meal 

6.61 
10.48 
28.35 
28.35 
9.52 
6.55 

6.61 
10.48 
28.35 
28.35 
•9.52 

6.55 

22.16 
8.10 
9.18 
9.59 
1.37 
6.35 

22.33 
20.87 
24.18 
8.23 
9.67 
11.15 
8.42 
7.86 
6.18 

8.  OS 

5274      .                   

Blue  ribbon  dairy  fend 

12.80 

5278 

Cottonseed  feed  

31.22 

5.?43 

Alfalfa  meal 

30.00 

63.51 ....           

Cottonseed  meal 

13.78 

6378 

Gluten  feed 

8.10 

E.  C.  ( t  ildroy,  Pennsylvania: » > 
5272 

Blatchford's  calf  meal 

6.76 

6274 

Blue  ribbon  dairy  feed 

11  48 

5278 

Cottonseed  feed 

31.32 

6343 

Alfalfa  meal 

28.04 

6351 

Cottonseed  meal 

11.07 

5378 

Gluten  feed .     . 

7.85 

H.  Hill,  North  Carolina: 

Sfir,\  

Cottonseed  feed 

22.85 

39.';<i 

Com  chops 

8.50 

39S4 

Wheat  bran 

9.32 

3902 

Scoentes 

9.88 

3933 

Middlings 

1.45 

3940 

Shipstuff 

6.20 

G.  L.  Bidwoll  and  C.  E.  Good- 
rich, Washijigton,  D.  C: » 
c          

Cottonseed  feed 

21.30 

D 

do 

20.57 

E         

Cold  press  meal 

24.50 

G 

Com  product 

8.56 

H              

Wheat  bran 

11.25 

I 

do 

11.46 

J 

Hen  feed 

3.75 

K 

Gluten  feed 

8.53 

L 

Feed  meal 

6.64 

I  Results  are  averages  of  two  or  more  determinations. 


*  Reported  by  James  W.  Kellogg. 
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COMMENTS  BY  ANALYSTS. 

James  W.  Kellogg:  It  takes  from  two  to  seven  hours  to  filter  the  residue 
through  the  Gooch  crucibles  after  the  final  washing  of  the  residues  has  been 
accomplished.  It  took  about  two  hours  to  filter  the  samples  through  the  linen 
cloths^  which  possibly  might  have  been  due  to  the  fact  that  they  became  very 
mucilaginous  after  boiling  in  the  presence  of  both  the  acid  and  the  alkali. 
This  condition  was  undoubtedly  the  cause  of  the  slow  filtrations  through  the 
Gooch  crucibles.  The  determination  for  crude  fiber  on  these  samples  by  the 
ofi9cial  method  occupies  less  than  two  hours  for  the  boiling  and  filtration 
through  the  gooch.  The  proposed  method  is  very  unsatisfactory  and  an  unre- 
liable method  to  use. 

H.  Hill:  The  large  amount  of  solution  present  with  the  alkali  digestion  is 
very  inconvenient,  causing  slow  boiling  and  excessive  bumping.  There  is  un- 
certainty about  reaching  the  exact  neutral  point  when  neutralizing  cottonseed 
feeds  with  the  2.G56  per  cent  sodium  hydroxid  solution,  due  to  the  red  color 
of  the  acid  solution.  Filtration  through  the  linen  was  slow  and  through  the 
gooch  very  slow.  More  time  was  required  to  make  6  determinations  by  the 
new  method  than  is  required  to  make  12  determinations  by  the  official  method. 
The  method  is  expensive,  more  sodium  hydroxid  is  required,  and  considerable 
alcohol  and  ether  are  wasted  with  each  determination.  The  new  method  is 
more  inconvenient,  consumes  more  time,  and  gives  higher  results  than  the 
official  method. 

O.  L.  Bidwell:  The  proposed  crude  fiber  method  is  not  satisfactory.  There  is 
no  great  gain  in  using  it,  and  the  results  are  not  strictly  comparable  with  those 
given  by  the  official  method. 

These  results  cover  quite  a  wide  range  of  feeds  and  would  appear  to  consti- 
tute a  fair  trial.  As  will  be  seen  from  the  table,  the  results  by  the  proposed 
method  are,  in  all  but  four  cases,  higher  than  the  results  by  the  official  method. 
The  greatest  difference  between  the  results  by  the  two  methods  is  4.26  per 
cent,  the  smallest  0.08  per  cent.  In  many  of  the  determinations  the  results  by 
the  proposed  method  are  higher  than  those  by  the  official  method  by  1  per  cent 
and  more. 

The  results  obtained  by  the  two  Pennsylvania  chemists,  working  separately  on 
the  same  samples,  show  a  wide  variation,  while  each  chemist  was  able  to  obtain 
satisfactory  checks  on  his  own  work,  and,  as  these  chemists  found  no  difficulty 
in  checking  each  other's  work  by  the  official  method,  this  indicates  that  it  is 
difficult  to  obtain  satisfactory  results  by  the  proposed  procedure.  The  plan  of 
treating  the  samples  with  alcohol  and  ether  after  the  digestions  are  made  is 
not  a  good  one,  as  with  feeds  high  in  fat  the  fat  will  unquestionably  reduce  the 
solvent  action  of  the  acid  and  alkali  on  the  sample.  It  is  seen,  therefore,  that 
the  proposed  method  gives  higher  results  than  the  present  official  method, 
requires  more  time,  and  is  more  difficult  to  operate. 

Recommendations. 
It  is  recommended — 

(1)  That  the  method  suggested  for  determining  the  acidity  of  feeds  be  pro- 
visionally adopted.     (See  p.  198.) 

Also  that  in  reporting  the  acidity  of  feeds  the  results  be  stated  in  terms 
of  cubic  centimeters  of  the  sodium  hydroxid  used  or  its  equivalent  in  grams  of 
sodium  hydroxid. 

(2)  That  the  association  recognize  the  petroleum  ether  method  for  de- 
termining fat  in  cottonseed  products. 

(3)  That  the  proposed  modification  of  the  official  method  for  the  determina- 
tion of  crude  fiber  be  no  further  considered. 

(4)  (On  account  of  lack  of  time  neither  the  referee  nor  the  associate  referee 
has  been  able  to  take  up  the  study  of  the  protein  factor  and  therefore  the 
following  recommendation  should  be  carried  over  to  another  year.) 
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Tbat  the  referee  make  a  study  of  the  literature  on  the  amount  of  protein 
in  the  various  vegetable  products  used  for  feed,  and  report  to  the  association  at 
the  1912  meeting  on  the  advisability  of  adopting  more  accurate  factors  for 
converting  nitrogen  Into  protein  than  the  present  factor  of  6.25. 


RBPORT  ON  SUGAR  AND  MOLASSES. 

By  William  E.  Cboss,  Referee. 

Owing  to  the  late  date  of  my  taking  up  the  work  as  referee  (May)  it  was 
thought  advisable  to  confine  the  investigations  almost  entirely  to  the  recom- 
mendations of  last  year.  Two  samples  only  were  sent  out,  the  previous  year's 
experience  having  shown  the  difficulty  of  securing  cooperation  when  too  mach 
work  was  given.  The  samples  consisted  of  (1)  No.  16,  a  raw  Cuban  sugar,  and 
(2)  No.  18,  a  centrifugal  molasses. 

The  following  instructions  accompanied  the  samples  sent  to  the  various  co- 
operators  : 

Instructions  fob  Cooperative  Work. 

MOISTURE —  (  molasses  ) . 

Sample  A, 

Method  1.  Determine  moisture  in  2  grams  of  sample  by  heating  10  hours  at 
100**  C.  with  sand,  according  to  method  3,  page  65,  Bulletin  107,  Revised. 

Method  la.  Determine  moisture  by  heating  2  grams  of  sample  for  10  hours 
at  100°  C.  without  sand. 

Method  2.  Determine  moisture  in  2  grams  of  sample  by  heating  on  6  grams 
of  sand  in  vacuum  at  70**  C.  Note  number  of  hours  required  to  obtain  con- 
stant weight. 

Method  3.  Determine  moisture  in  2  grams  of  sample  by  following  method: 
Weigh* out  into  dish  containing  60  grams  of  sand  (free  from  iron).  Warm 
in  an  oven,  then  add  a  little  distilled  water  and  mix  thoroughly.  Dry  at  70° 
C.  for  2  hours  in  a  steam  oven  and  thereafter,  till  weight  is  constant,  in  vacuo. 
Weight  judged  constant  when  2  hours*  further  warming  gives  less  than  0.1 
per  cent  decrease.* 

Method  3a.  Repeat  3,  but  heat  in  vacuum  at  100-106'  C,  Instead  of  70"  C* 

Method  4.  Determine  moisture  by  Brix  spindle.  (See  areometric  method  (1), 
p.  65,  Bui.  107,  Rev.) 

Method  5.  Refractometer.  Make  refractive  index  reading  and  convert  to 
percentage  moisture  by  means  of  Greerllgs's  tables : 

(a)  In  a  concentrated  form. 

(b)  Half  diluted  with  water. 

(c)  Half  diluted  with  a  saturated  solution  of  sugar,  using  formula — 

v_(A+B)C— BD 

A=welght  of  material  taken  and  mixed  with  B. 
B=weight  of  sugar  solution. 

C=peT  cent  dry  substance  of  above  mixture,  obtained  from  refractive  index. 
D=per  cent  dry  substance  of  pure  sugar  solution  obtained  from  refractive 
reading. 

MOISTURE —  (  SUGAR) . 

Sample  B, 

1.  Determine  moisture  by  official  method,  page  64,  Bulletin  107,  Revised. 

2.  Determine  moisture  by  refractometric  determination  of  solution  of  sugar 
in  own  weight  of  water. 


iModiflcatioD  of  Oerman  official  method. 
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POLABIZATION    (SUOAB  AND  MOLASSES). 

1.  Weigh  out  normal  weight,  clarify  (lead  subacetate  solution),  make  up  to 
100  CO  (or  more  if  necessary  for  accurate  polarization),  and  polarize  (according 
to  Method  c,  Bui.  107,  Rev.,  p.  40),  single  and  Clerget 

2.  Weigh  out  normal  weight,  make  up  to  volume  required,  clarify  with 
Home*8  dry  lead  subacetate  (J.  Amer.  Ghem.  Soc.,  1904,  26: 186)  and  polarize, 
single  and  Clerget. 

8.  (Molasses  only.)  Weigh  out  normal  weight,  add  lead  subacetate  solution, 
make  up  to  200  cc,  filter ;  to  50  cc  of  filtrate  add  1  cc  of  30  per  cent  acetic  acid 
and  2  cc  of  alumina  cream,  make  up  to  55,  filter,  and  measure,  single  polariza- 
tion. 

8a.  Repeat  8,  using  Home's  dry  lead  instead  of  subacetate  solution.  (Record 
all  dilutions  and  polarization  readings,  single  and  invert,  and  temperatures.) 

It  is  Important  that  work  on  samples  should  be  commenced  as  soon  as  poEi- 
slble  after  their  receipt  on  account  of  fermentation  changes  which  are  liable  to 
occur.    ♦    ♦    ♦ 

Results  Obtained. 

MOISTUBE  content  OF  MOLASSES. 

The  main  object  of  the  work  prescribed  on  moisture  methods  was  to  continue 
the  study  of  the  application  of  the  refractometric  method  to  those  molasses, 
etc.,  which  are  too  dark  to  be  read  directly.  It  was  also  intended  t6  secure 
additional  data  on  the  comparison  between  the  provisionally  prescribed  method 
of  drying  at  atmospheric  pressure  with  the  vacuum  drying  prescribed  for  sub- 
stances containing  much  levulose,  etc.,  and  with  the  drying  method  officially 
prescribed  in  Germany.  Owing  probably  to  the  awkwardness  of  the  vacuum 
determinations,  however,  very  little  cooperation  along  these  lines  was  secured. 

The  following  table  shows  the  results  obtained  on  moisture  methods : 

Table  1. — Comparative  percentage  results  on  the  determination  of  moisture  in 

molasses. 


Heat- 
ing 10 
hours  at 
IWC. 
with 
sand. 

Heat- 
ing 10 
hours  at 
lOO^C. 
with- 
out 
sand. 

Vacu- 
um at 
70«C. 

Hours. 

Vacu- 
um at 
70«C., 

50 
grams 
sand. 

Hours. 

Brix. 

Refractometer. 

Name. 

Undi- 
luted. 

Dfluted 
with 
water. 

Dfluted 
with 
susar 
solu- 
tion. 

A.  Given,  Washington, 
D.C 

21.37 
20.42 
21.96 
22.15 
21.21 
21.55 
21.96 
20.90 

21.20 
20.45 
2L25 
20.81 
20.32 
20.18 
21.40 

21.10 

25 

22.3 

26 

16.76 
17.20 
16.50 
18.36 
17.24 

20.25 
20.73 
20.35 

19.04 
19.24 
19.72 

18.10 

W.  E.  Cross,  New  Or- 

20.23 

8.  F.  Sherwood,  Wash- 
ington, T>.  0 

20.15 
19.43 

26 

20.70 

26 

20.64 

wTD.  Home,  New  York, 

W.  0.  Taggart,  New  Oi^ 
teans,  La  . 

20.50 

H.  Z.  t.  Perkins,  New 

R.  8.  Hutner,  Denver, 
Colo 

20.80 

20 

20.70 

20 

17.80 
18.50 

20.70 
20.60 
21.10 

20.10 
20.10 
20.37 

21.00 

0.    H.    Hardin,    New 
York.N.  Y.... 

20.87 

H.  H.  Shilstone,  New 
Orleans,  La.... 

20.70 

Average 

21.44 

20.81 

20.37 

2L12 

17.48 

20.60 

19.76 

20.25 

Taking  iQrst  of  all  the  results  on  the  refractometric  method,  it  will  be  seen 
that  the  work  entirely  confirms  the  results  obtained  in  previous  years,  proving 
that  the  error  brought  about  by  diluting  the  dark-colored  solution  is  reduced  to 
a  minimum  by  using  a  sugar  solution  as  a  diluent    To  inyeetlgate  this  question 
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furtber,  a  number  of  otber  samples  were  tested  by  a  small  number  of  cooper- 
ators,  working  on  the  same  Instrument,  thereby  making  conditions  as  nearly 
throughout  the  work.    The  results  of  this  are  shown  in 


i_ a^ 


Moisture   determinations   with   the   refractometer. 


lample. 

Name  of  analyst. 

Undi- 
luted. 

Diluted 
with 
water. 

Diluted 

with 
sugar  so- 
lution. 

ea 

Percent. 
20.75 
21.05 
21.00 

Percent. 
18.76 
19.70 
20.50 

Percent. 
2a  50 

II.  M.  Shilstone 

2a  10 

W.  O.  Taggart 

20.87 

20.93 

19.65 

2a  49 

W.  E.Cross 

20.93 
21.40 
21.10 

W.70 
21.10 
20.37 

21.09 

W.  G.  Tawrart 

21.57 

H.  M.  ShSstone 

20.70 

21.14 

20.39 

21.12 

W.  E.  Cross 

35.65 
36.40 

35.20 
36.32 

35.57 

H,  M.  Shilstone 

36.12 

36.02 

35.76 

35.85 

24.78 

23.95 

24.57 

^  In  entire  agreement  with  those  obtained  last  year,  as  the 
svs: 


mparison  of  moisture  data  obtained  in  1910  and  1911, 


Data. 

Undiluted. 

Diluted 
with  water. 

Diluted 

sugar 

solution. 

24.71 
20.60 
24.78 

23.82 
19.76 
23.95 

24.09 

20.25 

24.57 

Btermlnatlons  It  Is  shown  that  by  using  a  molasses  diluted 
1  the  results  obtained  more  nearly  approximate  the  true 
ing — 1.  e.,  on  the  undiluted  solution — ^than  when  water  is 
As  this  is  also,  of  course,  in  full  accord  with  theoretical 
appear  desirable  to  modify  the  "  provisionally  *'  prescribed 
that  when  dilution  is  necessary  a  sugar  solution  should  be 

)ught  out  by  the  figures  of  this  year,  as  well  as  by  those  of 
:he  fact  that  the  official  aerometric  method  with  the  Brlx 
ts  which  are  entirely  removed  from  what  the  drying  and 
lods  indicate  to  be  the  true  values.  The  following  table 
arly. 
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Table  4. — Total  solids  by  Brix  compared  noith  results  by  other  methods. 


Substance. 


Drying 
atlWC. 

10  hoars 
(average). 


Dnring 
yacuom. 


Refracto- 
meter. 


Average. 


Brix. 


A:  First  oentrifagal  molasses  (1911) 

B:  Hlrti-grade  sirup  (1910) 

C:  Hl^-eraie  open-kettle  molasses  (1910) 

D:  Centrihigal  molasses  (1910) 

E:  Mixture  of  blackstrap  and  glucose 


Perceray 
7^88 
73.54 
74.53 
74.11 
77.59 


Percent. 
79.63 
72.82 
73.71 
73.83 
77.81 


Percent. 
79.40 
73.03 
74.51 
74.70 
7&92 


Percent. 
79.30 
73.13 
74.26 
74.21 
7&11 


82.52 
74.05 
7&21 
76.20 
83.33 


We  are  taught  by  all  scieutiflc  opinion  and  practice  to  consider  the  results 
obtained  by  the  drying  method  (and  especially  the  drying  vacuum  method) 
as  the  closest  approximation  to  the  correct  value,  and  the  refractometric  results 
also  support  this  view.  It,  therefore,  seems  that  the  Brix  spindle  method  gives 
results  which  are  very  far  from  correct,  and  there  is  no  apparent  reason  why 
this  method  should,  in  face  of  this  evidence,  continue  as  an  official  method.  I 
believe  I  am  right  in  saying  that  samples  C  and  D  of  Table  4  would  afford 
grotmd  for  prosecution  under  the  pure  food  law,  although  the  Brix  value  is 
higher  than  75  per  cent  in  each  case.* 

Another  question  of  importance  is  the  necessity  or  otherwise  of  the  use  of 
sand  in  the  dryhig  method.  It  is  the  custom  in  very  many  laboratories  to  de- 
termine moisture  by  the  simple  heating  for  10  hours  without  sand;  in  fact,  I 
believe  I  am  right  in  stating  that  the  method  of  drying  with  sand  has  only 
entered  into  routine  work  to  a  very  small  extent.  In  the  following  table  the 
average  results  obtained  by  heating  10  hours  with  and  without  sand  are 
compared. 

Table  5. — Moisture  determinations  with  and  without  sand. 


.Sample. 


with  sand. 


Without 
sand. 


Molasses,  1911. 
Molasses,  1910. 
Sirup,  1910.... 

Average 


Percent. 
21.44 
24.80 
26.60 


Percent. 
2a  81 
24.38 
26.33 


24.28 


23.85 


The  results  by  the  drying  method  without  sand  thus  approximate  reasonably 
those  by  the  vacuum  method  and  the  method  of  drying  with  sand.  In  view 
of  the  comparative  awkwardness  of  the  sand-drying  method,  and  of  the  exten- 
sive use  of  the  method  of  drying  without  sand,  it  might  seem  desirable  to  give 
some  sort  of  recognition  to  the  latter  method. 

MOISTUBE  CONTENT  OF  8UGAB8. 

An  attempt  was  made  to  compare  the  ordinary  method  of  determining  the 
moisture  content  of  sugar  by  drying  with  a  refractometric  method,  in  which  the 
raw  sugar  was  dissolved  in  Its  own  weight  of  water  and  the  refractive  index 
of  the  solution  taken.    The  results  of  the  work,  however,  were  so  various  that 

^  I  am  aware  of  the  rider  on  page  65,  Bulletin  107,  Revised,  to  the  effect  that  the  aeio- 
metrlc  method  does  not  apply  to  "  low-grade  products,"  but  all  of  the  samples  in  Table  4, 
except  E,  are  technically  "high  grade"  products. 
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no  conclusions  whatever  coold  be  drawn  therefrom,  so  that  the  question  must 
be  left  over  to  another  year. 


Table  6. — Moisture  in  raw  sugars. 


Name. 


ByoiBoial  ByraClreolo- 
method. 


W  O.  Tac^gart,  New  Orleans,  La. . 
S.  F.  Sherwood.  Washington,  D.  C 

R.  8.  Hlltner,  Denver,  Colo 

G.  H.  Hardin,  New  York,  N.  Y.. . 


Percent, 

PereemL 

1.00 

a48 

1.1« 

.85 

1.00 

.30 

L05 

LIO 

POLABIZATION. 

The  work  of  last  year  showed  that  the  use  of  Home's  dry  lead  subacetate  as 
a  clarifying  agent  gave  results  almost  identical  with  those  obtained  with  lead 
subacetate  solution.  This  question  was  further  investigated  this  year  and  the 
results  are  given  in  Table  7. 

Table  7. — Polarization  results  using  normal  quantity  of  clarifying  agents. 


U.d«.b«»tat,. 

Home's  dry  lead. 

Molasses. 

Names. 

MolasseL. 

Sugar. 

Molasses. 

Sugar. 

Meth- 
od3. 

Meth- 

Single. 

Clerget. 

Single. 

Clerget. 

Single. 

Clerget. 

Single. 

Clerget 

od  aa. 

A.  Given,  Washing- 
ton, D.C 

8.     F.     Sherwood, 
Washington,  D.  C. 

W.  D.  Home.  New 
YorkJ^.Y 

H.  Z.  £.  Perkins, 
New  Orleans,  La. . 

31.00 
3L20 
90.80 

38.66 
39.10 
38.92 

96.50 
96.60 
96.38 
95.78 
95.90 
96.00 
96.40 
96.35 
95.67 

96.51 
96.38 
96.36 
95.55 
96.35 
96.50 
97.73 
97.88 
97.30 

30.50 

38.74 

96.35 
96.50 
96.12 
95.68 
95.88 
96.20 
96.25 
96.35 
95.57 

97.00 
96.03 
96.16 
95.37 
96.06 
97.31 
97.57 
97.79 
96.60 

31.00 
30.90 
30.68 
32.05 
81.19 
31.24 
31.67 
3L80 
30.20 

31.00 
30.80 

30.80 

38.42 

Sl.tt' 

B.   J.   W.    FoMW, 
New  Orleans,  La. . 

W.  H.  Hoffman  Jr., 
New  Orleans.  LA. . 

W.  E.  Cross,  New 
Orleans,  La 

W.G.Tageart,New 
OrieansTLa 

R.  8.  Hlltner,  Den- 
ver, Colo 

3Leo 

31.90 
32.20 
32.00 
29.70 

38.53 
38.03 
39.35 
39.65 
37.90 

31.64 
31.20 
32.32 
32.00 
29.90 

38.70 
38.80 
39.33 
39.38 
37.50 

31.70 
81.M 
31.68 
31.85 

sa36 

Average 

31.21 

38.78 

96.16 

96.73 

3L19 

38.60 

96.10 

96.65 

31.17 

31.28 

SUMMARY  OF  AVERAGE  RESULTS. 


Methods. 

Molasses. 

Sugar. 

Single. 

Clerget 

Sln^. 

Clerget 

Dry  lead 

31.19 
31.21 

38.69 
38.78 

96.10 
96.16 

96.65 

Lead  sulMoetate  solution 

96.73 

Dillerenoe 

-.02 

-.09 

-.06 

-.06 

These  results  confirm  those  of  previous  years,  showing  that,  properly  em- 
ployed, the  Home*8  dry-lead  method  gives  results  practically  identical  with  those 
of  the  standard  method.    In  prevloas  years  the  proposal  has  been  made  that 
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the  dry-lead  metliod  should  be  made  the  sole  official  one,  as  It  has  the  advantage 
of  eliminating  the  error  due  to  the  lead  precipitate.  While  the  evidence  would 
seem  to  show  that  this  step  is  justified,  the  writer  feels  that  as  it  is  against 
or,  shall  we  say  in  advance  of,  almost  all  home  and  foreign  practice,  very  care- 
ful consideration  should  be  given  to  the  matter  before  the  recommendation  is 
adopted. 

The  work  on  the  polarization  of  molasses  by  methods  3  and  3a  was  intended 
to  investigate  the  effect  of  removing  the  error  due  to  the  infiuence  of  the  allta- 
line  lead  solution  on  the  specific  rotation  of  the  levulose  present  Unless  there 
was  a  considerable  excess  of  lead  there  would  be  no  levulose  removed  in  the 
precipitate;  and  as  the  filtrate  was  restored  to  slight  acidity  with  acetic  acid, 
the  levulose  would  have  its  normal  value.  However,  as  is  seen  from  Table  7, 
almost  Identical  results  were  obtained  with  this  as  with  the  ordinary  method. 

On  account  of  pressure  of  other  matters,  it  was  found  impossible  to  carry 
oat  any  work  on  recommendations  2  and  4  of  last  year. 

Recoh  mendation  s. 
It  is  recommended — 

(1)  That  Herles's  solution  and  neutral  lead  acetate  be  adopted  provisionally 
as  clarifying  agenta* 

(2)  That  the  provisionally  adopted  method  for  the  refractometric  determina- 
tion of  moisture  in  molasses,  etc.,  should  include  instructions  to  dilute  the 
molasses  with  a  pure  sucrose  solution,  instead  of  water,  when  the  molasses  is 
too  dark  to  allow  of  direct  reading. 

(3)  That,  since  the  official  areometric  method  of  determining  "total  solids'* 
gives  with  all  molasses,  sirups,  etc.,  results  which  are  admittedly  too  high,  the 
advisability  of  retaining  this  as  an  official  method  should  be  considered. 

(4)  That  consideration  should  be  given  to  the  advisability  of  giving  some 
recognition  to  the  method  of  drying  molasses  without  sand,  a  method  which  is 
widely  used  in  actual  work  and  which  gives  results  which  approximate  fairly 
closely  those  of  the  provisionally  adopted  drying  method. 

(5)  That  the  advisability  of  adopting  Home's  dry-lead  clarification  as  the 
sole  official  method  be  discussed. 

(6)  That  further  work  should  be  done  on  the  determination  of  moisture  in 
sugars  by  means  of  the  refractometer,  on  the  influence  of  the  composition  of  the 
basic  lead  acetate  (as  clarifying  agent)  on  the  polarization  of  sugar  solutions, 
and  on  the  factors  used  in  the  formula  for  determining  commercial  glucose. 

TEMPERATURE  CORRECTIONS  IN  RAW  SUGAR  POLARIZATIONS. 

By  W.  D.  HoBNE. 

In  polarizing  raw  sugars  at  temperatures  other  than  the  standard  20**  G. 
errors  are  introduced  that  are  of  serious  moment  Much  has  been  written  on 
the  subject,  and  temperature  corrections  have  been  worked  out,  but  unfortu- 
nately they  have  not  been  generally  adopted.  One  of  the  best  methods  of 
effecting  the  necessary  corrections  is  that  described  by  C.  A.  Browne  at  the 
Seventh  International  Congress  of  Applied  Chemistry,  to  be  described  later; 
and  the  present  paper  is  to  present  results  on  many  hundreds  of  analyses, 
which  entirely  corroborate  the  reliability  of  this  method  of  correction. 

^ThlB  recommendation  was  sent  In  last  year,  but  arrived  too  late  to  be  considered  by 
the  committee.  The  present  referee  regards  the  results  of  last  (and  prevlons)  year's 
work  on  these  clarifying  agents  as  entirely  justifying  this  recommendation. 
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In  the  spring  of  1909,  when  the  New  York  Sugar  Trade  Laboratory  was 
planned,  I  made  some  preliminary  experiments  on  temperature  corrections  in 
my  own  laboratory  to  ascertain  the  relative  results  of  polarizing  at  20**  C.  and 
at  higher  temperatures,  and  later  I  have  made  continued  close  comparisons  be- 
tween the  polarizations  of  the  Sugar  Trade  Laboratory  at  20**  C.  and  tlie  polar- 
ization of  the  same  sugars  in  other  laboratories  at  ordinary  room  temperatures. 

In  the  early  experiments  it  was  necessary,  for  polarizing  at  20*  C. — 

(1)  That  the  solution  of  the  normal  weight  of  sugar  should  be  made  up  to 
100  cc  at  20**  C. 

(2)  That  it  should  be  polarized  at  20''  C. 

(3)  That  the  polariscope  should  be  at  20''  C. 

In  order  to  accomplish  these  ends  I  cooled  the  solution  of  sugar,  in  a  flask 
containing  a  thermometer,  in  ice  water  to  20**  C,  filling  to  the  mark  with  a  few 
drops  of  water  at  about  this  same  temperature.  The  solution  was  then  shak^i 
and  filtered  at  room  temperature,  which  necessarily  warmed  it  up  a  little,  as 
the  laboratory  was  usually  above  20**  C.  This  filtrate  was  put  into  a  tubulated 
200  mm  observation  tube,  containing  a  centrally  located  thermometer,  and  Im- 
mersed in  ice  water  until  the  temperature  fell  a  little  below  20°  C.  (about 
18°),  dried  with  a  towel,  two  protecting  caps  containing  granular  soda  lime 
to  prevent  condensation  of  atmospheric  moisture  on  the  cold  end  glasses  were 
slipped  on,  and  the  whole  was  put  into  the  polariscope.  These  caps  fit  tightly 
over  the  ends  of  the  observation  tube,  each  having  a  glass-windowed  end  and  an 
annular  space  inside  filled  with  soda  lime,  which  was  found  to  l>e  much  better 
for  this  purpose  than  calcium  chlorid  or  caustic  alkali. 

The  polariscope  was  kept  at  20**  C.  by  inclosing  the  working  parts,  including 
both  polarizing  and  analyzing  nicols,  in  a  galvanized-iron  box  covered  with  a 
1-inch  layer  of  cork  board  and  containing  two  i-inch  copper  tubes  running 
along  each  side  of  the  inside  of  the  box,  through  which  Ice-cold  water  was 
circulated. 

It  was  found  advisable  to  pass  water  at  1°  C.  through  this  tube  at  the  rate 
of  100  cc  per  minute,  which  cooled  the  polariscope  to  20**  C,  as  shown  by  a 
thermometer  passing  through  the  box  and  covering  near  the  analyzer  and  com- 
pensating quartz  wedges.  The  water  Issued  at  about  13**  C.  when  the  temper- 
ature of  the  room  was  between  23**  and  31**  C.  The  polariscope  was  maintained 
at  20°  C.  about  an  hour  before  polarizations  were  made,  and  the  observation 
tube  when  inserted  at  other  temperatures  than  20**  quickly  came  to  this 
standard,  a  change  of  as  much  as  two  degrees  taking  place  In  four  minutes. 

Cane  sugars  polarized  at  temperatures  higher  than  20**  C.  are  subject  to  a 
temperature  correction  which  may  be  divided  Into  two  parts:  (1)  The  tem- 
perature correction  for  pure  sucrose,  given  by  the  formula  P.  20 =P*  [1.+ 
0.0003  (t— 20)],  and  (2)  the  temperature  correction  as  applied  to  pure  levulose, 
the  formula  being  P.  20=P*— 0.00812  L  (t— 20).  By  properly  applying  the  com- 
bination of  these  formulas  to  a  raw-cane  sugar  polarized  at  temi)erature8  other 
than  20°,  It  Is  possible  to  arrive  at  a  result  very  close  indeed  to  that  which 
would  be  obtained  when  polarizing  the  sugars  at  20**,  as  may  be  seen  by  the 
following  set  of  observations  on  eight  raw  sugars,  giving  the  polarizations  actu- 
ally obtained  at  20°  C.  (the  polariscope,  the  solution,  and  containers  all  being 
at  this  same  degree),  and  polarizations  of  the  same  sugars  at  higher  degrees 
(Table  1).  These  95°  sugars  were  assumed  to  contain  1.25  per  cent  invert  sugar 
on  the  average,  and  liaving  calculated  the  corrections  for  the  sucrose  and  levu- 
lose separately  and  united  all  of  these  results,  It  was  found  that  the  corrected 
polarizations  were  only  0.0247  of  a  polarlscoplc  degree  lower  than  the  polariza- 
tions actually  made  at  20°  G. 
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Table  1. — Comparison  of  calculated  polarization  of  eight  raw  sugars  toith 
actual  polarization  at  20"*  C, 


Difference 
in  polariza- 
tion. 

Calculated  correction— 

Difiterenoe 
of  calcu- 

Temperature (•  C.)  and  polarization  (•  V.). 

For  sucrose 
alone. 

For  levu- 
lose. 

For  both 

levulose 

and  sucrose. 

lated  po- 
larization 
Itom  actual 
polariza- 
tion at 
20»C. 

At20"C.: 

95.4 

At26.5»C. 'V.: 
95.3 

-0.10 

-  .25 

-  .30 

-  .15 

-  .15 

-  .10 

-  .10 

-  .20 

•f  0.1868 

+  .1572 
+  .1571 
-f  .1570 

+  .1855 
+  .1862 
+  .1855 
+  .1856 

—0.0330 

-  .0279 

-  .0279 

-  .0279 

-  .0330 

-  .0330 

-  .0330 

-  .0330 

+0.1538 

+  .1293 
+  .1292 
+  .1291 

+  .1525 
+  .1532 
+  .1525 
+  .1526 

+0.0538 

At21»C.: 

95.5 

95.25 

-  .1207 

95.5 

95.2 

—  .1708 

95.3 

95.15 

—  .0209 

At  20*  C: 

95.3 

95.15 

+  .0025 

96.5.  *: 

95.4 

+  .0532 

85.3 

95.2 

+  .0525 

96.2 

95.0 

-  .0476 

Average 

-  .0247 

As  tb 
ther  in^ 
sugar  o 
Table  2 

Table 
tv 


Temperat 


At20': 
95.25.. 
85.80.. 
94.26.. 
94.3... 

93.5... 
94.7... 
85.8... 
94.7... 
94.6... 

87.6... 
95.3... 
94.6... 


Firs 
Beoc 


Havii 

suits  ob 
at  bigh 
made  a^ 
suit  foi 
lower  tl 
in  this  I 
polariza 
actually 
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by  Browne,  on  mixtures  containing  known  amounts  of  sucrose  and  lerulose  in 
raw  sugars  and  moiasses  and  reported  by  him  in  the  article  above  cited. 

In  order  to  get  a  further  comparison  between  polarizations  made  at  20*  C. 
and  those  made  at  higher  temperatures  and  calculated  at  20*  C,  I  have  made 
monthly  comparisons  between  the  polarizations  of  many  hundreds  of  samples 
tested  both  at  the  Sugar  Trade  Laboratory  and  at  other  laboratories. 

By  use  of  the  formulas  above  given,  the  polarization  of  all  the  raw  sugars 
coming  to  two  technical  laboratories  have  been  arranged  in  groups  covering 
monthly  periods,  corrected  for  temperature  and  compared  with  the  correspond- 
ing average  polarizations  obtained  in  the  Sugar  Trade  Laboratory  when  tested 
at  20*  C. 

The  results  found  are  expressed  in  the  following  table,  which  gives  in  decimal 
fractions  of  a  single  polariscopic  degree  the  variations  of  my  Laboratory  **A" 
and  Laboratory  "B"  results,  after  calculating  to  20*  C,  from  the  results 
obtained  in  the  Sugar  Trade  Laboratory  whai  conducting  the  whole  operation 
at  20*  a 

Table  3. — Variations  in  two  laboratories  where  results  were  corrected  for 
temperature  from  Trade  Laboratory  results  obtained  at  20^*  C, 


Date. 


CorrecUons  for  Laboratory 


Sucrose.  Levulose.     TotaL 


Differ- 
enoefrom 
Trade 
Labora- 
tory. 


Corrections  for  Laboratory 


Sucrose.  Levulose.     TotaL 


Diflor- 
encefrom 
Trade 
Labora- 
tory. 


1911. 

March 

April 

May 

June 

July 

August 

September... 


+0.0800 

+  .1290 

+  .2002 

+  .1977 

-I-  .2235 

+  .2329 

+  .1379 


-0.0140 

-  .0236 

-  .0303 

-  .0575 

-  .0576 

-  .0634 

-  .0373 


+a0660 

+  .1054 

+  .1699 

+  .1402 

-I-  .1659 

+  .1695 

+  .1006 


—0.0070 

+  .0140 

+  .1190 

+  .0436 

-f  .0273 

-  .0625 

+  .0047 


+0.0424 

+  .0239 

+  .0990 

+  .1832 

+  .2373 

+  .1177 

+  .1666 


-0.0060 

-  .0036 

-  .0180 

-  .0366 

-  .0580 

-  .0344 

-  .0620 


+a0365 

+  .0203 

+  .0810 

+  .1477 

+  .1793 

+  .0633 

+  .1146 


-a  0090 
+  .0200 

+  .ono 

+  .0117 

-  .0170 
+  .0103 

-  .0267 


Average  corrections  for  both  laboratories.. 


+  .1486 


-  .0351 


+  .1135 


+  .0148 


Thus  we  see  that  the  average  discrepancy  in  this  series  of  al)out  1,000  samples 
is  only  +0.0148  polariscopic  degree,  but  if  the  levulose  correction  had  not  been 
applied  this  quantity  would  be  increased  to  +0.0499. 

The  levulose  correction  is  thus  twice  as  great  as  the  total  experimental  error 
and  should  by  no  means  be  ignored.  The  ideal  method  is,  of  course,  to  conduct 
the  entire  operation  of  polarizing  sugars  at  20*  C,  but  as  this  requires  an 
expensive  plant  or  somewhat  increased  work  and  time  by  the  method  outlined, 
cases  will  arise  where  a  temperature  correction  will  be  required.  Biy  contri- 
tion is  that  if  any  such  correction  Is  to  be  applied  It  should  be  done  in  accord 
with  a  full  appreciation  of  the  significance  of  levulose  as  well  as  of  sucrose 
and  thus  be  made  as  correct  as  our  present  knowledge  will  allow. 

REPORT  OF  COMMITTEE  B  ON  RECOMMENDATIONS  OF  REFEREES. 

By  B.  M.  Chace,  Chairman, 

(Dairy  products,  foods  and  feeding  stuffs>  sugar,  tannin,  and  medicinal  plants 

and  drugs.) 

Foods  and  Feeding  Stuffs. 

It  is  recommended — 

(1)  That  the  method  for  acidity  suggested  by  the  referee  for  provi<iional 
adoption,  together  with  the  method  of  reporting  results,  be  studied  for  another 
year.     (See  pp.  198,  201.) 

Adopted. 
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(2)  That  the  petroleum  ether  methods  for  fat,  of  the  Cotton  Seed  Crushers 
Association,  as  given  in  the  report  of  the  referee,  be  printed  and  studied 
further.     (See  p.  198.) 

Adopted. 

(3)  That  the  study  of  the  modification  of  the  official  method  for  crude  fiber 
be  discontinued. 

Adopted. 

(4)  That  the  study  of  the  proper  factor  for  converting  nitrogen  Lito  protein 
be  continued. 

Adopted. 

SUGAB. 

It  is  recommended — 

(1)  That  Herles's  solution  and  neutral  lead  acetate  be  adopted  provisionally 
as  clarifying  agents  in  polarizing  cane  products. 

Finally  adopted  as  provisional. 

These  methods  have  been  formulated  as  follows: 

Neutral  lead  acetate. — ^Prepare  a  saturated  solution  of  normal  lead  acetate 
and,  as  in  the  case  of  the  basic  lead  acetate  solution,  add  it  to  the  sugar  solu- 
tion before  completing  to  volume.  Its  use  is  imperative  when  determining  the 
reducing  sugars  in  the  solution  used  for  polarization. 

Basic  lead  nitrate  (Herles^a  solution). — (1)  Dissolve  250  grams  of  lead  nitrate 
in  water  and  malce  up  to  500  cc.  (2)  Dissolve  25  grams  of  sodium  hydroxid  in 
water  and  make  up  to  500  cc. 

Add  equal  amounts  of  the  two  solutions  (1)  and  (2)  to  the  sugar  solution, 
shake,  and  add  more  if  sufficient  precipitation  has  not  occurred,  taking  care 
not  to  add  an  excess.  Then  complete  the  volume  with  water.  Whai  this  solu- 
tion is  used  for  clarification,  the  factor  in  the  Clerget  determination  becomes 
143.5  instead  of  142.66. 

(2)  That  the  provisional  method  for  the  determination  of  moisture  in  mo- 
lasses by  the  refractometer  be  amended  so  as  to  provide  for  the  use  of  a 
pure  sucrose  solution  instead  of  water  for  diluting  samples  too  dark  to  read. 
(Bui.  132,  p.  17a) 

Adopted. 

(3)  That  to  the  official  aerometric  method  for  the  determination  of  total 
solids  (Bui.  107,  Rev.,  p.  65)  a  note  be  added  to  the  effect  that  the  results  on 
molasses  and  other  materials  containing  large  amounts  of  invert  sugar  or 
nonsugar  solids  are  only  roughly  approximate. 

Approved  and  referred  for  final  adoption  In  1912. 

(4)  That  it  be  noted  that  Horne's  dry  lead  clarification  method  is  not  an 
optional  method  but  is  provisional  and  has  the  same  standing  as  the  wet  clari- 
fication method.     (Bui.  132,  p.  189,  and  Bui.  107,  Rev.,  p.  40.) 

Adopted. 

This  method  reads  as  follows: 

Dry  lead  suhacetate  (Home's  method). — ^This  clarifjring  agent  Is  obtained  as 
a  dry  powdered  salt  and  should  contain  72.8  per  cent  of  lead,  which  corre- 
sponds to  a  composition  of  3Pb(C«Hi02)a2PbO.  Dissolve  the  normal  or  half- 
normal  weight  of  the  sugar  solution  in  a  flask  with  water  and  complete  the 
volume.  Add  a  small  quantity  of  the  dry  salt  and  shake,  then  add  more  and 
shake  again,  repeating  until  a  point  of  sufficient  precipitation  is  reached  to 
allow  of  an  easy  reading.  An  excess  is  to  be  avoided.  Of  this  salt  0.1346  gram 
is  equivalent  to  1  cc  of  the  solution  of  subacetate  described  under  lead  sub- 
acetate  solution.  When  molasses  or  any  other  substance  producing  a  heavy 
precipitate  is  being  clarified,  some  dry,  coarse  sand  should  be  added  to  break 
up  the  balls  ot  lead  subacetate  and  precipitate.  (This  method  is  to  have  equal 
weight  with  the  use  of  a  solution  of  lead  subacetate  In  clarifying  cane,  sorghum, 
and  beet  products.) 
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(5)  That  the  referee's  recommendation  as  to  future  study  be  adopted,  i.  e., 
that  further  work  should  be  done  on  the  determination  of  moisture  In  sugars 
by  means  of  the  refractometer,  on  the  Influence  of  the  composition  of  the  basic 
lead  acetate  (as  clarlf!ying  agent)  on  the  polarization  of  sugar  solutions,  and 
—^  *~  the  formula  for  determining  commercial  glucose. 

Tanniw. 


mIs  for  the  analysis  of  leather  proposed  for  provisional 
ie  be  printed  with  the  view  to  subsequent  adoption  (see 


^^     Xl.^     JL.^^^.. 


Medicinal  Plants  and  Drugs. 


mendation  of  the  associate  referee  as  to  further  study 
'es  of  acetphenetidin  and  salicylates  be  adopted. 

^Ing  minor  changes  be  made  in  the  provisional  method 
[).  197) :  That  the  size  of  the  flasks  in  lines  a,  13,  and  23 
ic  to  200  cc ;  that  In  line  11  "Add  4  times  the  volume,  in 
langed  to  "Add  3  times  the  volume,  in  this  case  60  cc"; 
1  second  extraction**  be  changed  to  "for  a  second  and 

ed  to  association  for  flnal  adoption  in  1912. 
m  medicated  soft  drinks  be  continued. 

m  medicinal  plants  and  drugs  he  continued. 


iRX  OF  THE  AUDITING  COMMITTEE. 

ttee  has  examined  the  accounts  of  the  treasurer  and  find 

[Signed]  J.  M.  Babtlett,  Chc^irman, 

BUBT  L.  Habtwell.* 

B  treasurer'for  1911  was,  in  brief,  as  follows,  de- 
id  vouchers  being  filed  with  the  records  of  the 

Receipts. 

$43.  47 

,  colleges,  State  chemists,  etc.,  of  $2  each 80. 00 

123. 47 

rd  member  of  the  committee,  was  not  present  when  the  report 
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EZPENDITUBEB. 

December  20,  1910,  to  the  Nittany  Printing  and  Publishing  Co.    (for 

printing  of  food  standards  committee,  as  ordered  by  the  association)..  $43. 47 

January  30,  1911,  400  circulars  and  250  envelopes  (dues  and  collabora- 
tion)     7. 25 

Postage  on  same 3. 00 

August  30,  1911,  550  circulars  and  200  envelopes  (call  for  meeting  and 

program)  14. 25 

Postage  on  same 2. 18 

Miscellaneous  postage 1. 14 

Total 71.29 

Balance 52.18 

November  13,  1911. 

REPORT  OF  THE  COMMITTEE  ON  RESOLUTIONS. 

The  following  report  was  submitted  by  William  Frear,  as  chairman 
of  th 
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tion,  letters  were  sent  out  early  In  the  summer  to  a  number  of  chemists  asking 
for  suggestions.    The  following  problems  were  proposed : 

(1)  Determination  of  starch  in  sausage. 

(2)  Detection  of  incipient  putrefaction  in  meats. 

(3)  Determination  of  tin  in  canned  goods. 

All  three  of  these  problems  need  attention,  but  the  third  was  selected  for 
cooperative  work. 

Mayerhofer's  method  for  the  determination  of  starch  in  sausage,  as  given  in 
Bulletin  107,  Revised,  Bureau  of  Chemistry,  is  tedious,  inaccurate,  and  gen- 
erally unsatisfactory,  as  the  writer  has  learned  from  several  months*  experi- 
ence with  the  method.  A  more  rapid  and  accurate  method  for  the  determination 
of  starch  in  meat  products  is  much  needed,  owing  to  the  widespread  use  of 
starch  in  sausages. 

The  second  problem,  that  of  methods  for  the  detection  of  incipient  putrefac- 
tion in  meat  products,  is  of  great  Importance,  but  demands  long-continued 
investigation  by  those  particularly  fitted  for  that  kind  of  work,  rather  than 
cooperative  work,  at  this  time. 

The  Federal  Board,  of  Food  and  Drug  Inspection  has  placed  a  limit  of  300 
mg  of  tin  per  kilo  in  canned  goods;  hence  the  importance  of  a  rapid  and 
accurate  method  for  determination  of  tin  in  such  products, 

R.  E.  Doolittle,  then  in  charge  of  the  Food  and  Drug  Inspection  Laboratory, 
New  York  City,  suggested  the  problem  and  also  the  method  which  has  been 
used  in  the  cooperative  work.  He  stated  that  he  had  found  the  method  for 
determination  of  heavy  metals  in  canned  goods.  Bulletin  107,  Revised,  tedious 
and  unreliable,  as  have  also  Schreiber  and  Taber.  (See  Circular  67,  Bureau 
of  Chemistry.)  Doolittle  also  states  that  he  has  found  Schreiber  and  Taber's 
sulphuric  acid  digestion  method,  as  described  in  the  circular  mentioned,  rather 
too  time  consuming,  and  needing  too  much  personal  attention  for  inspection 
work. 

The  method  proposed  by  Doolittle  and  Lourie,  and  which  they  state  has 
given  excellent  satisfaction  in  routine  work,  was  incorporated  In  the  following 
letter  sent  out  to  cooperators: 

Instructions  fob  Collaborative  Wobk. 

The  determination  of  tin  in  canned  food  products  (Doolittle  and  Lourie). — 
Place  25  to  50  grams  of  the  well-mixed  and  finely  ground  sample  In  a  KJeldahl 
flask  (800-1,000  cc)  and  add  25  to  50  cc  of  concentrated  sulphuric  acid,  the 
amount  depending  upon  the  weight  of  the  charge.  Place  the  flask  on  a  hot 
plate  or  on  wire  gauze  over  free  flame ;  add  about  30  cc  of  concentrated  nitric 
acid,  raise  temperature  to  boil,  and  heat  till  white  fumes  are  generated,  then 
without  cooling  add  10  cc  of  nitric  acid  and  continue  heating  as  before.  Repeat 
the  nitric  acid  addition  until  the  solution  remains  clear  (usually  straw  color) 
after  boiling  off  the  nitric  acid  fumes.  The  digestion  can  easily  be  accom- 
plished in  three  hours  with  from  three  to  four  additions  of  the  acid.  I-iCt  the 
solution  cool  and  dilute  to  about  400  cc  with  water.  Nearly  neutralize  with 
concentrated  ammonium  hydroxid,  transfer  the  solution  to  a  beaker,  saturate 
with  hydrogen  sulphld,  and  let  the  precipitate  settle  on  a  steam  bath.  Filter, 
wash  the  precipitate  with  a  little  hot  water  saturated  with  hydrogen  sulphld, 
and  then  dissolve  it  in  hot  yellow  ammonium  sulphld ;  reprecipltate  with  acetic 
acid  or  hydrochloric  acid,  filter  on  ashless  paper,  Ignite  and  weigh  as  stannic 
oxid  (SnOa).  Finally  moisten  with  nitric  acid.  (Note. — 50  cc  of  concentrated 
ammonium  hydroxid  will  nearly  neutralize  25  of  concentrated  sulphuric  acid. 
Make  the  usual  tests  for  the  complete  precipitation  In  the  filtrate  from  the 
first  tin  sulphld  precipitate.  In  the  case  of  canned  vegetables  as  high  as  100 
grams  may  be  taken  without  using  more  than  50  cc  of  sulphuric  acid.  With 
fish  it  Is  best  to  use  as  many  cubic  centimeters  of  sulphuric  acid  as  grams  of 
fish.  The  rapidity  of  the  digestion  depends  on  the  temperature  maintained — ^the 
higher  the  temperature  the  faster  the  material  is  oxidized.) 
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Samples  to  he  analyzed, — A  sample  of  stannous  chlorid  is  being  mailed  you 
under  separate  cover  for  use  in  this  work. 

All  determinations  are  to  be  made  in  duplicate,  and  individual  as  well  as 
average  results  should  be  reported. 

1.  Weigh  into  three  Kjeldahl  flaslcs,  respectively,  20, 30,  and  50  mg  of  the  stan- 
nous chlorid,  and  then  to  each  fiask  add  50  grams  of  finely  ground  fresh  meat ; 
proceed  with  the  determination  as  directed. 

2.  Procure  approximately  1-pound  cans  of  the  following  products :  roast  beef, 
rhubarb,  pumpkin. 

Preparation  of  sample. — In  the  case  of  meat  run  the  product  twice  through 
a  meat  grinder  and  then  mix  thoroughly  with  the  liquid  portion.  In  the  case 
of  rhubarb  macerate  the  solid  portion  and  make  a  uniform  mixture  with  the 
juice. 

Use  50  grams  of  each  product  for  the  determination.  In  case  a  very  small 
amount  of  tin  is  obtained  repeat  the  operation,  using  a  larger  quantity  of 
material. 

If  the  products  mentioned  are  not  obtainable,  get  similar  products  which  will 
Include  a  meat,  fruit,  and  vegetable.    ♦    ♦    ♦ 

Analytical  Results. 

ResiUts  obtained  by  the  nitric-acid  method  when  knotcn  amounts  of  tin  were 

added  to  meat. 


Aoalyst. 


H.  Schreiber  and  W.  C.  Taber,  Washington,  D.  C . 


H.  L.  L<nirie,»  New  York  City. 


Stannous       Stannic 
chlorid  oxid 

added. 


Mg. 


1  Did  not  add  exactly  20,  30,  and  50  mg  of  tin  salt;  calcu! 

Mr.  Lourie*s  analysis  of  the  tin  salt  showed  49.3  ] 
88.85  per  cent  of  tin.  Schreiber  and  Talker's  analj 
oxid. 

Schreiber  and  Taber  made  an  interesting  compi 
acid  method  (Doollttle  and  Lourle)  and  the  sulphi 
and  Taber)  for  the  determination  of  tin  in  various 
results : 

Results  by  both  methods  when  known  amounts  of 
grams  of  corned  beef  (Schreiber  a\ 
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Results  by  SchreAher  and  Taber  on  tin  in  various  commercial  canned  products, 

by  both  methods. 
[Expressed  in  grams  of  tin  per  100  grams  of  sample.] 


Sample. 


Salpbaiic  add 
method. 


::1SJ  -i*^ 


Rhubarb 

Gooseberries 

\ 

I  plus  sodium  chlorld 

ram  sample  used  in  thes^  determinations;  all  others  were  100-^ram  samples. 

jorts  the  following  results  of  analyses  of  canned  goods  for  tin  at 
k  Food  and  Drug  Inspection  Laboratory  by  the  nitric-acid  method, 
wise  noted : 

n  various  types  of  canned  goods  in  routine  work  in  New  York 
Laboratory, 
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Substance. 

Amount  of 
tin  found. 
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Comments  on  Results. 

The  results  of  the  cooperatiye  work  on  Lourie's  method  for  the  determhiatlon 
of  tin  in  canned  goods  are  quite  satisfactory,  duplicate  determinations  checlcing 
well,  while  the  results  of  the  two  cooperators  check  closely,  considering  the 
comparatively  small  quantities  of  tin  which  are  recovered. 

Schreiber  and  Taber  find  that  results  by  the  sulphuric-acid  and  the  nitric- 
acid  (Lourie)  methods  agree  very  closely. 

I  have  tried  out  Lourie's  method  in  a  preliminary  way  and  find  that  with 
constant  attention  complete  digestion  of  50  grams  of  meat  can  be  accomplished 
In  a  little  over  two  hours.  Doubtless  the  time  for  digestion  of  other  materials 
will  vary  one  way  or  the  other.  After  the  complete  digestion  of  the  material 
one  has  to  observe  only  the  precaution  necessary  for  the  determination  of  tin. 

Schreiber  and  Taber  have  the  following  additional  comments  to  make  regard- 
ing Doolittle  and  Lourie's  method  for  the  determination  of  tin  in  canned  goods  : 

Schreiber  and  Taher:  Ftom  results  of  our  work  It  would  seem  that  the 
nitric  acid  method  gives  as  good  results  as  the  sulphuric  acid  digestion  method, 
and  that  It  recovers  all  the  tin  in  the  sample. 

Some  of  the  disadvantages  of  the  proposed  nitric  acid  method  might  be  men- 
tioned. The  noxious  oxids  of  sulphuric  acid  and  organic  matter  form  a  very 
disagreeable  feature.  Then  it  was  found  that  meats  or  fish  require  for  their 
complete  digestion,  Instead  of  the  three  or  four  additions  of  nitric  acid  as  men- 
tioned In  the  method,  at  least  twice  that  number.  It  was  also  found  In  our 
work  that  It  Is  not  safe  to  add  the  nitric  acid  to  the  hot  mass  in  the  flask,  as 
stated  In  the  method,  as  there  is  great  danger  of  frothing,  and  the  sample 
running  out  of  the  flask,  esfpecially  in  the  flrst  stages  of  the  digestion. 

We  believe  that  ammonium  sulphid  is  not  the  best  solvent  to  use  in  dissolving 
the  tin  sulphid.  When  the  solvent  is  used,  the  subsequent  neutralization  of  the 
solution  Is  slow  and  tedious,  as  the  exact  strength  of  the  sulphid  employed  Is 
unknown,  and  the  solution  must  not  be  made  too  acid  In  precipitating  the  tin  or 
some  will  be  lost  Again  large  quantities  of  sulphur  are  thrown  down  which 
become  troublesome  in  the  subsequent  flltration,  running  through  the  fllter,  so 
that  one  can  not  tell  whether  or  not  a  loss  of  the  precipitate  is  taking  place. 

In  our  method  for  tin  determination  given  in  Circular  67,  Bureau  of  Chem- 
istry, potassium  hydroxld  (20  grams  in  100  cc  of  water),  was  used  as  a  solvent 
for  a  tin  sulphid.  This  we  have  found  to  give  as  accurate  results  besides  per- 
mitting the  accurate  and  quick  neutralization  of  a  solution  for  the  precipitation 
of  the  tin ;  It  also  does  away  with  the  large  sulphur  preclpltata 

In  the  determinations  given,  potassium  hydroxld  was  used  to  dissolve  the 
tin  sulphlds  In  the  sulphuric  acid  method  and  ammonium  sulphid  in  the  nitric 
acid  method. 

Concerning  the  time  of  digestion,  an  accurate  account  was  kept  for  the  two 
methods.  In  twelve  determinations  given  In  Table  3,  those  run  by  the  nitric 
acid  method  were  all  flnlshed  In  two  hours ;  those  by  the  sulphuric  acid  method, 
in  four  and  one-half  hours.  In  the  second  set  of  12  digestions,  those  by  the 
nitric  acid  method  were  flnlshed  in  four  hours,  while  those  by  the  sulphuric 
acid  method  required  four  and  one-half  hours.  On  many  materials  it  seems 
that  the  nitric  acid  method  Is  shorter,  but  one  must  take  Into  consideration 
that  the  nitric  acid  method  requires  almost  continuous  attention  in  adding  more 
acid  until  the  digestion  Is  complete,  while  with  the  sulphuric  acid  method,  after 
the  frothing  stage  has  passed,  the  sample  needs  no  more  attention. 

It  would  seem  that  no  one  method  is  best  for  all  materials  and  under  all  cir- 
cumstances. The  nitric  acid  digestion  method  has  been  used  with  apparent 
success  In  the  laboratory. 

Recommendation. 

I  would  respectfully  recommend  that  the  associate  referee  on  meats  and  fish 
for  the  next  year  conduct  a  study  of  the  nitric  and  sulphuric  acid  methods  for 
determination  of  tin  in  canned  goods,  and  if  results  warrant,  recommend  one  of 
these  methods  for  adoption  by  the  association  as  a  provisional  method. 
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REPORT  ON  FRUIT  AND  FRUIT  PRODUCTS. 

By  A.  W.  Blaib,  Associate  Referee. 

Intboduction. 

:k  on  fruit  and  fruit  products  for  this  year  was  again  confined  to 
ieterminations.  Samples  were  prepared  from  green  oranges  (varying 
BT  from  li  inches  to  2^  inches)  as  follows:  Whole  oranges  were 
through  a  meat  chopper,  and  thoroughly  mixed ;  portions  were  then 
ato  tin-lead  dishes,  and  dried  in  the  air  oven  at  50^  to  60""  G.  for 
en  hours  to  preserve  for  shipping. 

B  representing  seven  laboratories  offered  to  cooperate.  Five  portions 
tially  dried  oranges,  with  weight  of  container  and  sample,  and  net 
sample  (both  weights  refer  to  the  fresh  sample  immediately  aft^*  it 
red)  together  with  instructions,  were  sent  to  each  laboratory.  Three 
'ere  proposed  as  follows : 

r-jacketed  oven:  Dry  in  water-Jacketed  ovai  for  30  hours,  or  longer 

ry,  weighing  at  the  end  of  each  six  hours;  report  weights  for  each 

d  percentage  for  final  drying.     (BuL  122,  pp.  219-220). 

mm  oven  at  70**  C. :  Dry  to  constant  weight  in  vacuum  ov«i  at  70**  C 

th  of  time  required.     (Bui.  132,  p.  150.) 

'  to  constant  weight  in  vacuum  over  c.  p.  sulphuric  acid,  without  the 

t;  state  time  required.     (BuL  137,  pp.  13&-140.) 

Analytical  Results. 

oratories  submitted  results  which  are  reported  in  the  following  table: 
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The  results  with  the  water-jacketed  oven  do  not  agree  as  they  should.  This 
Is  partly  due  to  the  fact  that  no  two  analysts  dried  for  the  same  length  of  time, 
and  partly,  no  doubt,  to  slight  decomposition  of  organic  materials  caused  by 
long-continued  heating.  It  will  be  observed  that  Mr.  Elaton  secured  fairly  con- 
cordant results  on  four  out  of  five  samples  when  all  were  dried  for  the  same 
length  of  time,  his  greatest  difference  on  the  four  being  0.13  per  cent  when 
about  25  grams  of  fresh  material^were  used. 

The  results  by  the  vacuum  methods  are  decidedly  lower  than  with  the  water 
oven  and  ate  even  less  concordant.  It  will  be  noted  that  Mr.  Gore's  results 
with  vacuum  at  70**  C.  and  vacuum  over  sulphuric  acid,  without  the  aid  of  heat, 
agree  within  reasonable  limits,  and  are  also  in  fair  agreement  with  Mr.  Poore*s 
work  by  the  last-named  method.  The  fact  that  In  most  cases  duplicate  deter- 
minations agree  within  the  limit  of  error  would  Indicate  that  lack  of  agreement 
with  a' given  method  is  due  to  differences  In  the  time  of  drying. 

Tests  made  with  the  electric  oven  at  100**  C.  show  results  in  fair  agreement 
with  those  obtained  with  the  water  oven.  It  is  quite  evident  that  the  water 
oven,  and  also  the  electric  oven,  give  results  that  are  too  high;  that  Is,  there 
is  undoubtedly  some  loss  through  decomposition.  This  probably  holds  true  for 
all  fruits  and  fruit  products  containing  much  sugar,  and  points  to  the  necessity 
of  adopting  some  other  method,  when  accurate  results  are  desired. 

Mr.  Gore  suggests  the  use  of  lime  or  barium  oxid  as  a  desiccating  agent  instead 
of  sulphuric  acid,  to  avoid  the  presence  of  the  vapors  of  the  latter  in  the 
desiccator. 

It  is  suggested  that  the  vacuum  methods  be  further  tested  and  that  an  effort 
be  made  to  have  all  the  work  done  under  as  nearly  the  same  conditions  as 
possible. 

REPORT  OF  COMMITTEE  ON  NOMINATIONS. 

In  the  absence  of  Mr.  L.  L.  Van  Slyke,  chairman  of  the  naminat- 
ing  committee,  Mr.  W.  A.  Withers  presented  the  following  report: 

The  following  nominations  are  made  for  officers  for  the  coming 
year: 

President,  H.  J.  Patterson,  College  Park,  Md. ;  vice  president,  G.  S. 
Fraps,  College  Station,  Tex.;  secretary,  H.  W.  Wiley,  Washington, 
D.  C;  additional  members  af  the  executive  ccwnmittee:  R.  E.  Doo- 
little,  Washington,  D.  C. ;  A.  J.  Patten,  East  Lansing,  Mich. 

The  secretary  was  instructed  to  cast  the  unanimous  vote  of  the 
association  for  the  officers  as  nominated. 

In  accordance  with  the  resolution  ordering  that  the  referees  and 
associates  should  be  appointed  by  the  outgoing  executive  committee 
rather  than  by  the  incoming  committee,  the  president  here  announced 
the  appointments  made.  These  are  given  on  page  251,  with  such  sub- 
sequent changes  as  were  necessitated  by  declinations,  etc. 
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REPORT  ON  TANNm. 

By  J.  8.  RooEBS,  Referee. 
Plan  of  Wobk  and  Description  of  Samples. 

The  work  for  this  year  has  been  designed  to  study  certain  conditions  of  three 
phases  of  leather  analysis:  (1)  Shortening  the  time  required  for  the  extraction 
of  fats;  (2)  a  comparison  of  three  methods  of  extraction  of  the  soluble  ma- 
terials (other  than  fats)  in  leather;  (3)  experiments  to  show  that  basic  lead 
acetate,  when  used  as  a  clearing  agent  for  sugar  solutions  in  leather  analysis, 
removes  large  amounts  of  sugar  actually  present 

The  two  samples  of  leather  sent  out  were  prepared  as  follows : 

No.  1,  an  oak-tanned  sole  leather,  was  finely  ground,  allowed  to  come  to  air- 
dry  condition,  and  thoroughly  mixed.  Moisture  determinations  were  made  and 
sugar  was  determined  on  the  extract.  A  known  amount  of  grape  sugar  in 
solution  was  then  added  to  and  mixed  with  the  weighed  ground  leather.  The 
mixing  was  continued  under  the  blast  of  an  electric  fan  until  the  leather  was 
nearly  dry,  after  which  it  was  spread  out  in  a  thin  layer  to  come  to  air-dry 
condition.  After  several  days'  drying  in  the  air,  the  sample  was  reground, 
again  allowed  to  come  to  air-dry  condition,  thoroughly  mixed,  and  a  moisture 
determination  was  made.  Knowing  the  per  cent  of  moisture  and  the  per  cent 
of  sugar  originally  present,  the  per  cent  of  moisture  after  the  sugar  was  added, 
the  original  weight  of  the  leather,  and  the  weight  of  the  sugar  added,  it  was 
possible  to  calculate  the  per  cent  of  sugar  present  in  the  prepared  sample.  The 
sugar  originally  present  was  0.60  per  cent.  The  calculated  amount  added  was 
7.73  per  cent,  giving  8.33  per  cent  total  sugar  in  the  prepared  sample. 

No.  2,  an  oak-tanned,  heavily  greased  harness  leather,  was  finely  ground, 
spread  out  in  a  thin  layer,  and  allowed  to  come  to  an  air-dry  condition. 

Samples  No.  1  and  No.  2,  as  soon  as  prepared,  were  put  up  in  quart  Mason 
Jars  and  tightly  stoppered. 

Directions  fob  Leather  Work. 

FAT  extraction. 

Place  15  grams  of  the  sample  as  received  in  an  S  &  S  thimble  and  extract 
in  a  Soxhlet  extractor,  using  petroleum  ether,  distilling  between  50**  and  80*  C, 
as  directed  under  A,  B,  C,  and  D.  Heat  at  such  a  rate  that  the  liquid  siphons 
approximately  four  times  per  hour. 

(A)  Extract  two  portions,  15  grams  each,  for  24  hours;  save  the  leather 
residue;  evaporate  the  ether  from  the  extract  on  a  steam  bath,  and  diy  to 
constant  weight  in  a  water  oven ;  weigh  and  calculate  the  per  cent  of  fat  present. 
(A  should  be  completed  and  the  amount  of  fat  determined  before  B,  O,  and  D 
are  started.) 

(B)  Extract  two  portions  of  15  grams  each  for  6  hours. 

(C)  Extract  two  portions  of  15  grams  each  for  8  hours. 

(D)  Extract  two  portions  of  15  grams  each  for  10  houra 

Save  the  leather  residues  from  B,  C,  and  D,  determine  the  fats  in  each  extract 
as  in  A,  and  if  the  fat  has  not  all  been  extracted  in  the  stated  time  continue 
until  the  extraction  is  complete,  noting  in  each  case  the  time  required  and  the 
color,  consistency,  and  odor,  and  general  appearance  of  the  fat  residue. 

Reserve  the  leather  residues  from  the  fat  extraction  for  the  extraction  of  the 
uncombined  tannins  and  nontannins,  bringing  them  to  an  air-dry  condition 
before  this  extraction  is  begun. 

1.  Place  the  two  residues  of  A  together  and  the  two  residues  of  B  together. 
Use  these  as  duplicates  for  the  extraction  by  the  A.  L.  C.  A.  method  (E). 

2.  Take  the  two  residues  from  C  and  use  these  as  duplicates  for  the  extrac- 
tion by  the  method  of  the  Bureau  of  Chemistry  (F). 

3.  Take  the  two  residues  from  D  and  use  as  duplicates  for  the  extraction  by 
the  alcohol  method  (G). 
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EXTRACTION  OF  UNCOMBINED  TANiaNS  AlfD  N0NTANNIN8. 

E.  Method  of  A.  L,  C,  A, — Digest  the  leather  residues  A  and  B  as  duplicates 
In  percolators  overnight,  transfer  the  extract  to  a  2-liter  flask,  then  extract  with 
water  at  50**  C.  for  three  hours,  removing  the  extract  from  a  side  tube  of  the 
extractor,  thus  avoiding  boiling  the  extract  The  total  volume  of  solution  to  be 
2  liters.  Determine  the  glucose,  soluble  solids^  and  nontannins  as  directed 
below : 

F.  Method  of  the  Bureau  of  Chemistry. — ^Take  the  leather  residues  from  C 
and  moisten  thoroughly  with  distilled  water.  Transfer  leather  and  water  to  a 
Soxhlet  extractor  and  place  cotton  above  and  below  the  leather  in  the  extractor, 
to  prevent  it  from  being  carried  over  at  the  time  of  siphoning.  The  cylinder 
of  the  extractor  shall  be  surrounded  by  water  bath  kept  at  60*  C.  At  the 
beginning  of  the  extraction  pour  250  cc  of  distilled  water  (Including  that  used 
in  moistening  the  leather)  into  the  Soxhlet  and  allow  it  to  siphon  into  the 
flask  below,  then  begin  the  boiling.  At  the  end  of  the  first  hour  remove  the 
flame  and  transfer  the  extract  to  a  l-liter  graduated  flask,  add  200  cc  of  dis- 
tilled water  to  the  Soxhlet  and  continue  the  extraction  for  two  hours.  Remove 
the  extract,  add  200  cc  of  water  and  continue  the  extraction  for  flve  hours  and 
remove  the  extract.  Make  one  more  extraction,  adding  200  cc  as  before,  and 
continuing  the  extraction  for  six  hours.  This  gives  14  hours*  extraction  and 
an  extract  that  does  not  exceed  1  liter  in  volume.  Make  the  extract  up  to  1 
liter  at  room  temperature,  and  use  as  directed  below  for  the  determinatioii 
of  glucose,  soluble  solids,  and  nontannins. 

G.  Alcohol  method, — ^Take  the  two  leather  residues  from  D  (they  may  be 
extracted  in  the  same  thimble  in  which  the  ether  extraction  was  made  after 
they  come  to  an  air-dry  condition)  and  extract  with  95  per  cent  alcohol  for  eight 
hours  in  a  Soxhlet  extractor.  Add  250  cc  of  water  to  the  extract  and  evaporate 
the  alcohol  on  the  steam  bath,  make  the  solution  to  1  liter,  at  room  temperature, 
and  determine  glucose,  soluble  solids,  and  nontannins  as  directed  below. 

DETEBMINATIOIT   OF   GLUCOSE. 

(a)  To  200  cc  of  the  extract  add  25  cc  of  a  saturated  solution  of  normal  lead 
acetate,  mix  thoroughly,  allow  to  stand  about  15  minutes  and  filter.  The  funnels 
and  beakers  must  be  kept  covered  to  prevent  evaporation.  Remove  the  lead 
from  the  filtrate  by  adding  a  slight  excess  of  solid  potassium  oxalate  and  filter- 
ing. Pipette  150  cc  of  the  last  filtrate  into  a  600  cc  Erlenmeyer  flask  and  add  5 
cc  of  concentrated  hydrochloric  acid  and  boll  under  a  reflux  condenser  for  two 
hours,  cool,  neutralize  with  anhydrous  sodium  carbonate,  transfer  to  a  200-cc 
graduated  flask,  and  make  to  volume.  Filter  through  a  double  fllter.  (Thi& 
filtrate  must  be  clear.)    Use  50  cc  of  this  filtrate  for  the  determination  of  sugar. 

Copper-sulphate  solution, — Dissolve  34.639  grams  of  anhydrous  copper  sul- 
phate in  water  and  dilute  to  500  cc. 

Alkaline  tartrate  solution. — Dissolve  173  grams  of  Rochelle  salts  and  125 
grams  of  potassium  hydroxid  in  water  and  dilute  to  500  cc. 

Place  30  cc  of  the  copper  solution,  30  cc  of  the  alkaline  tartrate  solution,  and 
35  cc  of  water  in  a  beaker  and  heat  to  boiling.  Add  50  cc  of  the  solution  of  the 
material  containing  the  sugar,  which  must  be  so  prepared  as  not  to  contain  more 
than  0.25  grams  of  dextrose,  and  boll  for  two  minutes.  Filter  Immediately 
through  asbestos  without  diluting,  wash  with  hot  water,  alcohol,  and  finally 
with  ether,  dry  for  half  an  hour  in  a  water  oven,  and  weigh  as  cuprous  oxld ; 
determine  the  amount  of  dextrose  by  the  use  of  Allihn's  table  (BuL  107,  Rev., 
p.  50). 

(b)  Determine  sugar  in  the  same  manner  as  in  (a),  except  that  instead  of 
using  25  cc  of  saturated  neutral  lead  acetate,  use  25  cc  of  saturated  basic  lead 
acetate. 

SOLUBLE   SOLIDS. 

To  2  grams  of  kaolin  in  a  beaker  add  75  cc  of  extract,  stir,  let  stand  for  15 
minutes,  decant  and  discard  as  much  as  possible  of  the  supernatant  liquid,  and 
again  add  75  cc  of  extract  to  the  kaolin,  stir  and  pour  at  once  on  a  No.  590 
S  &  S  folded  fllter,  keep  the  filter  full  and  the  funnel  and  receiving  vessel 
covered,  reject  the  flrst  150  cc  of  the  flltrate,  evaporate,  and  dry  the  next 
100  cc  (which  must  be  brilliantly  clear).  CJonduct  the  evaporation  and  drjrlng 
in  flat-bottomed  glass  dishes  from  2^  to  3  inches  in  diameter,  evaporate,  and 
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dry  for  16  hours  in  a  combined  evaporator  and  drier  from  98*  to  100**  C,  or 
after  evaporating  dry  for  12  hours  on  the  bottom  shelf  of  a  water  oven  at  from 
98**  to  100**  C. 

N0NTAITNIN8. 

A  quantity  of  hide  powder  sufficient  for  the  number  of  analyses  to  be  made 
during  a  day  shall  be  prepared  in  the  following  manner :  Digest  with  10  times 
its  weight  of  water  until  thoroughly  soaked.  Add  3  per  cent  of  chrome  alum 
in  solution,  agitate  by  either  shaking  or  stirring  occasionally  for  several  hours, 
and  let  stand  overnight  Wash  by  squeezing  through  linen,  continuing  the 
washing  until  the  wash  water  gives  no  precipitate  with  barium  chlorid, 
squeeze  the  hide,  using  a  press  if  necessary,  so  that  the  wet  hide  will  contain 
between  70  and  75  per  cent  of  water.  Use  approximately  20  grams  of  wet 
hide  for  moisture  determination.  Add  to  200  cc  of  the  original  solution  such 
quantity  of  wet  hide  as  represents  from  12  to  13  grams  of  dry  hide,  shake  for 
10  minutes  in  some  form  of  mechanical  shaker,  and  squeeze  immediately 
through  linen.  Add  2  grams  of  the  kaolin  to  the  filtrate,  stir  and  filter  through 
folded  filter  S  &  S  No.  590  of  sufllcient  size  to  hold  the  entire  filtrate,  returning 
until  clear,  evaporating  100  cc  of  the  filtrate.  The  weight  of  the  residue  must 
be  corrected  for  the  dilution  caused  by  the  water  contained  in  the  wet  hide. 

Note. — In  order  to  limit  the  amount  of  dried  hide  powder  used,  determine 
the  moisture  in  the  air-dried  hide  powder  and  calculate  the  quantity  equal  to 
at  least  15  grams  of  actual  dry  hide  powder,  take  any  multiple  of  this  quantity, 
according  to  the  number  of  analyses  to  be  made,  and  after  chroming  and  wash- 
ing as  directed,  squeeze  to  a  weight  representing  70  to  75  per  cent  water. 
Weigh  the  whole  amount  and  divide  by  the  multiple  of  the  grams  of  actual 
dry  hide  powder  taken  to  obtain  the  weight  of  the  wet  hide  powder  for  200  cc 
of  solution.  The  hide  powder  should  always  he  used  the  same  day  that  it  is 
washed. 

The  non tannin  filtrate  must  not  give  a  precipitate  with  a  1  per  cent  gelatin, 
10  per  cent  salt  solution. 

TANNIN. 

The  tannin  content  is  shown  by  the  difference  between  the  soluble  solids  and 
the  corrected  nontannins. 

Analttical  results. 
The  results  received  from  those  cooperating  are  given  in  the  following  tables : 
Table  1. — The  extraction  of  fat  hy  petroleum,  ether. 


Analyst. 


Address. 


J.  R.  Bk)ckey».... 

M.  F.Nichols 

J.  M.  Seltzer 

J.  S.  Rogers 

B.J.Ray* 

P.F.Trowbridge. 
T.  A.  Faust 


Averages.. 


Leathersellers  Co.'s  Tech- 
nical College,  London. 

Nichols's  Laboratory,Grand 
Rapids,  Bilch. 

Kistler  Lesh  &  Co.,  Lock 
Haven.  Pa. 

Bureau  of  Chemistry,  Wash- 
ington, D.  C. 

Agricultural  Experiment 
Station,  Raleigh,  N.  C. 

Agricultural  Experiment 
Station,  Columbia,  Mo. 

Yocum-Eachus  Laboratory, 
Newark,  N.  J. 


Sample  No.  1. 


2.07 
2.00 
2.04 
2.06 
\.V1 
L95 
1.08 
LOT 
2.03 
LOT 
L99 
2.17 
2.01 
2.07 


2.02 


2.10 
2.10 
2.09 
2.05 
2.02 
2.00 
2.02 
L98 
L99 


L99 
L90 
2.12 
2.17 


2.04 


2.05 
2.10 
2.08 
2.04 
2.00 
L«8 
2.02 
2.04 
2.16 
2.10 
LOT 
1.99 
2.02 
2.19 


2.16 
2.07 
2.09 
2.08 
2.09 
2.07 
2.05 
2.06 
2.04 
2.06 
L92 
L99 
♦2.27 
♦2.31 


Sample  No.  2. 


I 


28.80 
29.00 
29.33 
♦30.00 
29.17 
29.13 
29.27 
29.39 
29.25 


29.06 
28.78 
28.OT 
29.01 


2.04     2.05     29.09     29.14     29.41 


29.00 
29.20 
29.10 
29.30 
29.11 
29.13 
29.47 


♦25.19 


28.92 
♦28.39 
28.95 
29.30 


29.30 
29.40 
29.72 
♦30.00 
29.47 
29.35 
29.63 
29.63 
29.41 


29.29 
29.30 
29.33 
29.14 


29.40 
29  60 
29.74 
29.47 
29.54 
29.40 
29.64 
29.67 
29.47 
29.30 
29.23 
•28.92 
29.68 
29.38 


29.49 


>  The  siphonings  occturred  from  6  to  8  times  per  hour. 

*  The  result  ^25.19  Is  thought  to  be  too  low  on  account  of  the  leather  being  too  tightly  packed  in  the 
oztraction  thimble. 
NotB.— Results  marked  with  an  asterisk  are  not  Included  in  the  averages. 
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Ck)MMENTS    BY   ANALYSTS. 

B.  J.  Ray.  (1)  Fat  d€termination.^VndeT  the  work  of  fiits  I  have  one  sug- 
gestion which  I  believe  very  important  It  seems  to  make  a  great  deal  of 
difference  whether  the  material  is  placed  In  the  thimble  loosely  or  tightly.  In 
one  instance  I  packed  the  ground  leather  in  the  thimble  Just  as  tightly  as  I 
could  and  not  split  it,  for  our  Soxhlets  were  rather  small  to  hold  the  required 
15  grams,  and  found  to  my  surprise  that  eight  hours'  extraction,  which  I  had 
previously  found  to  be  sufficient  for  the  first  leather,  left  over  4  per  cent  of  fit 
behind.  I  then  ran  a  series  of  extractions  on  this  thimble  with  the  results 
shown  below.  Thirty-eight  hours  were  required  to  give  complete  extraction. 
So  It  seems  to  me  that  when  work  Is  being  done  on  such  a  sample  as  this  one, 
where  the  material  may  easily  be  packed  too  hard,  it  should  be  stated  that  the 
sample  Is  to  be  loosely  packed  In  the  Soxhlet  thimble.  Where  the  leather  was 
loosely  packed  eight  hours  gave  complete  extraction. 

Time  of  extraction,  hours :  Per  cent. 

8 25.19 

10 29.09 

12 ^  29. 16 

14 29. 21 

16 29. 25 

18 29. 28 

20 29. 30 

22 29. 32 

24 29. 34 

32 29. 40 

38 29. 43 

Extraction  of  uncomhitied  tannins  and  nontatmins. — I  must  say  that  I  like 
the  alcohol  method  best.  It  Is  simpler.  It  does  not  require  the  transferring  of 
the  material  from  one  vessel  to  another,  and  hence  a  chance  of  loss.  It  is 
shorter  and  easier. 

Soluble  solids, — Some  of  the  solutions  have  stood  for  two  weeks  or  more  be- 
fore they  were  used.  Certain  growths  could  be  seen  on  the  surface  of  the  sola- 
tions.  A  glance  at  the  results  will  show  you  that  either  the  methods  do  not 
give  the  best  results,  or  that  some  change  takes  place  In  the  solutions  on  stand- 
ing. I  believe  the  latter.  So  I  made  up  four  solutions  by  the  alcohol  method 
on  leather  No.  1  and  Immediately  determined  soluble  solids,  after  adding  to 
Nos.  3  and  4  10  cc  of  chloroform.  The  results  are  shown  in  the  following 
table: 

Effect  of  standing  on  the  determination  of  soluble  solids. 


Bunpto. 


Soluble  aolids  determined— 


Immedi- 
Btely. 


After 
3  days. 


Alter 
6  days. 


1,  no  chloroform... 

2,  no  chloroform.. 
3, 10  cc  chloroform 
4, 10  cc  chloroform 


Percent. 
26.67 
25.17 
25.60 
25.51 


Percent, 
26.18 
25.00 
25.31 
25.27 


Percent. 
25.53 
23.62 
25.28 
25.00 


[Mr.  Ray  calls  attention  to  the  fact  that  after  6  days*  standing,  in  solutions 
No.  1  and  No.  2,  to  which  no  chloroform  was  added,  the  per  cent  of  soluble 
solids  dropped  1.04  and  1.65  per  cent,  respectively,  and  In  solutions  No.  8  and 
4,  to  which  chloroform  was  added,  the  drop  In  soluble  solids  was  only  0.32  and 
0.51  per  cent,  respectively.] 

I  further  suggest  that  in  the  evaporating  of  the  filtrate  In  the  determination 
of  soluble  solids,  a  beaker  cover  be  used  Instead  of  a  flat  bottomed  glass  dl^ 
Place  the  tared  beaker  covers  on  water  bath  and  allow  the  clear  solution  to 
flow  slowly  In  from  a  separatory  funnel  as  the  solution  evaporates.  Rinse  out 
the  funnel  finally  with  a  few  cubic  centimeters  of  distilled  water.  Dry  in 
water  oven  to  constant  weight.  Why  dry  for  12  hours?  I  found  that  In  most 
cases  only  four  hours  were  necessary  for  constant  weight;  some  required  six. 
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Olucoae. — In  case  of  sample  No.  1,  the  results  on  sugar  yary  enormously,  and 
I  do  not  know  how  to  account  for  this,  since  In  two  cases  the  duplicates  agree 
fairly  well;  the  other  two  are  way  off. 

[Mr.  Ray  also  states  that  he  believes  that  the  variations  In  his  results  on  the 
determination  of  glucose  are  due  to  the  long  standing  of  the  solutions  before 
analysia  In  this  respect  he  is  undoubtedly  correct,  for  It  is  well  known  that 
fermentation  will  destroy  the  sugars.] 

J.  M.  Sextzeb.  Fat  determination. — The  results  of  6,  8,  10,  and  24  hours' 
extraction  are  practically  the  same  with  leather  No.  1,  while  with  leather.  No. 
2,  10  and  24  hours'  extraction  show  slightly  higher  results  over  6  and  8  hours' 
extraction. 

Water-soluble  matter, — In  the  Bureau  of  Chemistry  method,  when  the  water 
bath  was  kept  at  50**,  the  solution  in  the  extractor  was  heated  to  only  45*. 
This  method  shows  higher  results  than  the  official  A.  L.  C.  A.  method,  and 
the  resulting  solution  had  a  very  much  darker  color,  which  was  due  to  the 
boiling  of  it  I  also  extracted  the  two  leathers  by  the  A.  L.  O.  A.  method 
without  removing  the  f^t,  and  found  that  in  sample  No.  1  (following  table) 
the  results  were  almost  the  same  as  those  in  which  the  fat  was  first  removed ; 
but  with  No.  2  the  results  were  very  much  lower  by  not  removing  the  fat 

Data  obtained  when  fat  was  not  removed  before  extraction. 


Method  and  sample. 

Sohible 
solids. 

Corrected 
nontamiiDs. 

Glucose  A. 

Sample  1: 

A.  L.  C.  A.  method 

Percent. 
23.22 
21.00 

12.74 

Percent. 
12.75 
11.60 

5.70 

Percent. 
8.28 

Alcohol  method      

7  43 

Sample  2: 

A.  L.  C.  A.  method , 

2.63 

Alcohol  extraction. — My  results  on  the  extraction  with  95  per  cent  alcohol 
are  contrary  to  those  claimed  for  this  method.  Most  of  the  sugar  is  removed 
by  eight  hours'  extraction.  The  alcohol  dissolves  some  matter  which  Is  insoluble 
In  water  after  the  alcohol  is  evaporated,  as  the  water  solution  is  very  cloudy. 

Sugar  determination. — It  has  been  shown*  before  that  basic  lead  acetate  gives 
lower  results  than  normal  lead  acetate,  and  my  results  also  show  the  same  to  be 
true. 

J.  R.  Blockey.  Fat  determination.— The  results  show  that  by  using  the  pre- 
scribed method  of  extraction  very  little  Is  to  be  gained  by  prolonging  the 
extraction  over  10  hours.  Experiments  were  made  siphoning  over  at  about  10 
times  per  hour,  and  instead  of  using  a  thimble,  the  leather  powder  was  very 
loosely  packed  in  the  Soxhlet,  in  the  bottom  of  which  was  placed  glass  wool 
to  prevent  solid  particles  from  siphoning  over.  It  was  found  that  li  hours 
were  sufficient  to  extract  29.2  per  cent  of  the  fat  from  No.  2,  or  practically  as 
much  as  Is  extracted  in  10  hours,  siphoning  at  the  rate  of  four  times  an  hour 
and  using  a  thimble. 

On  the  whole  it  seems  preferable  to  extract  by  giving  12  to  15  slphonings,  and 
if  there  is  reason  to  suppose  that  all  of  the  fat  has  not  been  extracted,  to  con- 
tinue the  extraction  with  a  fresh  flask.  For  instance,  if  there  is  reason  to 
suspect  the  presence  of  castor  oil,  then  petroleum  ether  will  only  slowly  extract 
this,  as  the  solubility  of  castor  oil  in  petroleum  ether  is  very  low.  By  iion- 
tlnuing  the  extraction  with  a  fresh  flask  the  castor  oil  would  be  detected. 

The  dryinsf  of  the  fat  residue  until  constant  in  weight  is  not  always  easy, 
as  with  oxidizable  oils  especially  oxidation  may  take  place  and  thereby  increase 
the  weight,  and  volatilization  may  also  take  place,  especially  with  mineral  oils, 
and  thereby  decrease  the  weight  Perfect  constancy  is  therefore  not  to  be  ex- 
pected, and  it  scarcely  seems  fair  to  establish  set  rules  and  time  for  the  extrac- 
tion and  drying  of  fatty  matters,  as  the  character  of  the  oils  and  fats  employed 
varies  so  much. 

Water-soluble  matter. — ^A.  L.  C.  A.  method  (see  p.  229).  Procter's  extractor 
was  employed.  No  difficulty  was  experienced  in  the  extraction,  and  the  liquor 
was  coming  over  colorless  at  the  end.  Nontannin  experiments  made  with 
American  chromed  hide  powder  gave  no  appreciable  difference  from  experi- 
ments with  powder  chromed  according  to  the  official  I.  A.  L.  T.  C.  method,* 


1  Procter,  Leather  Industries : 
p.  212. 
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although  washing  of  the  powder  chromed  with  chrome  alum  was  more  difficult 
than  with  chrome  chlorid,  the  end  point  with  barium  chlorid  being  not  so  sensi- 
tiye  as  the  end  point  with  silver  nitrate  and  potassium  chromate. 

Alcohol  method. — With  regard  to  this  method  very  much  might  be  said  Id 
criticism.  The  first  point  to  consider  is,  What  do  we  wish  to  find  out  from 
the  amount  of  soluble  matter?  Leather  can  not  be  considered  as  consisting  of 
a  definite  chemical  substance  (composed  of  hide  fiber  and  tannin)  and  a  certain 
amount  of  excess  of  tan,  nor  can  these  two  l>e  quantitatively  separated.  There 
is  no  such  sharp  line  of  demarcation  between  the  combined  tannin  and  the 
oncombined  tannin,  for  on  washing  leather  there  is  practically  no  point  at 
which  the  tannin  ceases  to  be  washed  out  The  best  that  can  be  done  is  an  ap- 
proximation, and  this  can  be  obtained  quite  well  by  the  ordinary  method  of  wash- 
ing with  water  as  exemplified  in  the  prescribed  A.  L.  O.  A.  method.  For  any 
method  to  supersede  this  method  it  should  possess  distinct  advantage.  One  of  the 
advantages  claimed  for  the  alcohol  method  over  the  ordinary  method  of  extrac- 
tion is  that  it  is  possible  to  differentiate  between  the  natural  soluble  matters^ 
such  as  tannins,  and  the  artificial  soluble  matters,  such  as  glucose  and  Epsom 
salta  It  has  been  stated  that  95  per  cent  alcohol  does  not  dissolve  glucose  or 
Epsom  salts,  whereas  actually  it  dissolves  both,  95  per  cent  alcohol  dissolving 
glucose  to  the  extent  of  over  1  per  cent  Since  glucose  is  soluble  in  95  per  cent 
alcohol,  though  only  to  the  extent  of  1  per  cent,  the  amount  extracted  in  a 
Soxhlet  apparatus  may  be  noteworthy,  considering  the  volume  of  alcohol  which 
siphons  through  the  apparatus  in  the  course  of  the  extraction.  The  results 
show  that  6  per  cent  out  of  8  per  cent  of  the  glucose  is  extracted  in  eight  hours. 

This  should  be  sufficient  to  condemn  the  method,  even  if  no  further  disad- 
vantage could  be  charged  against  it  Another  disadvantage  is  the  increased 
number  of  operations  involved  and  the  extra  time  required.  The  evaporation 
of  the  alcohol  on  the  steam  bath  is  an  unsatisfactory  operation,  as  resinous 
substances  separate  out  and  oxidization  may  talce  place.  Ninety-five  per  cent 
alcohol  is  expensive  and  according  to  the  method  can  not  be  used  over  again. 
Moreover,  if  the  leather  is  not  perfectly  dry  before  the  extraction,  the  alcohol 
will  no  longer  be  95  per  cent  after  it  has  once  come  in  contact  with  the  leather. 

The  advantage  claimed  for  this  method  over  the  water  extraction  method 
(1.  e.,  that  there  is  no  need  to  estimate  the  mineral  ash  in  the  soluble  matter 
as  recommended  by  Parlser  and  Paul)  does  not  hold,  because  by  both  methods 
mineral  matter  is  dissolved  out  in  the  extraction,  so  that  both  are  liable  to  the 
same  error  unless  the  soluble  mineral  matter  is  estimated.  Moreover,  this 
determination  is  very  easily  and  rapidly  made. 

Olucose, — The  method  as  adopted  was  as  prescribed,  except  after  washing  the 
cuprous  oxid  precipitate  until  free  from  alkali  the  crucible  was  removed  and 
heated  in  the  flame,  gently  at  first  to  drive  off  the  moisture,  and  strongly  after- 
wards to  convert  the  red  cuprous  oxid  to  blaclt  copper  oxld.  The  crucible  is 
allowed  to  cool  in  a  desiccator  and  the  residue  weighed  as  cupric  oxid  (CuO). 
Preliminary  experiments  showed  that  the  results  were  exactly  the  same, 
whether  the  residue  was  weighed  as  free  copper  or  as  cuprous  oxid  (CthO)  or 
as  cupric  oxid  (CuO). 

The  precipitation  of  the  excess  of  lead  with  solid  potassium  oxalate  possesses 
one  advantage  over  the  ordinary  method  of  using  a  strong  solution  of  sodium 
sulphate,  in  that  there  is  no  dilution  of  the  liquor,  but  it  is  doubtful  if  this 
advantage  overbalances  the  disadvantage  of  the  extra  time  taken  in  determining 
when  all  the  lead  has  been  removed.  The  same  remark  exactly  applies  to  the 
neutralization  of  the  hydrochloric  acid  by  anhydrous  sodium  carbonate  after 
inversion. 

The  ordinary  method  of  neutralizing  the  acid  by  a  known  volume  of  strong 
caustic  soda  solution  involves  the  dilution  of  the  liquor  and  a  further  complica- 
tion in  the  calculation,  but  it  is  quicker  than  the  neutralization  with  the  solid 
sodium  carbonate.  Experiments  were  performed,  using  the  different  methods, 
but  the  results  showed  no  appreciable  difference. 

With  regard  to  the  difference  between  the  use  of  normal  and  basic  lead 
acetates  it  will  be  seen  that  the  results  in  every  case  are  higher  with  the  normal 
than  with  the  basic.  It  Is  impossible  to  say  without  a  knowledge  of  the  exact 
amount  of  glucose  actually  present  In  the  leather  which  of  the  two  gives  the 
more  correct  reisults;  that  is,  whether  the  figures  obtained  with  the  use  of 
normal  lead  acetate  are  closer  to  the  actual  amount  than  with  basic  lead 
acetate. 

Experiments  were  performed  on  solutions  containing  known  quantities  of 
glucose  to  determine,  if  possible,  what  the  cause  was  of  this  higher  result  ob- 
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tained  with  normal  lead  acetate.  The  resolta  of  these  experiments  will  be 
published  In  a  short  time.  The  higher  results  obtained  with  normal  lead  acetate 
are  probably  due  to  the  presence  of  substances  like  gallic  acid,  which  reduce 
Fehling  solution  and  give  a  precipitate  with  lead  acetate  that  is  soluble  In 
dilute  acids  such  as  acetic  acid.  By  the  use  of  basic  lead  acetate  some  of  the 
free  acid  is  probably  neutralized,  so  that  the  precipitation  of  the  gallic  acid  and 
kindred  substances  is  more  complete  than  with  normal  lead  acetate. 

Both  are  liable  to  the  same  sort  of  error,  but  the  error  In  the  case  of  the 
normal  is  higher  than  with  the  basic,  so  that  it  seems  preferable  to  use  the  lat- 
ter. In  any  case,  it  Is  essential  that  the  glucose  determination  should  be  per- 
formed immediately  after  the  soluble  solid  extraction  has  been  made.  If  the 
jsoluble  solid  solution  is  allowed  to  stand,  decomposition  takes  place,  and  very 
conflicting  results  were  obtained  when  experiments  were  made  on  the  solutions 
which  had  been  standing.  By  using  basic  lead  acetate  on  such  a  solution,  the 
amount  of  glucose  was  very  much  reduced,  whereas  in  one  case  by  using  normal 
lead  acetate  the  amount  was  actually  increased.  This  is  probably  due  to  de- 
composition into  substances  which  are  not  entirely  removed  by  normal  acetate, 
and  which  reduce  Fehllng's  solution.  On  the  whole,  the  use  of  basic  lead  ace- 
tate is  to  be  preferred  to  normal  lead  acetate.  • 

T.  A.  Faust.  Fat  extraction. — ^For  extraction  of  grease  from  leather,  I  used 
a  special  apparatus  having  ground-glass  joints  and  a  Hopkins  condenser,  cork 
and  rubber  connections  being  unsatisfactory.  In  the  case  of  both  leathers  the 
24-hour  extraction  seemed  to  give  abnormal  results;  and.  In  my  opinion,  the 
8-hour  extraction  is  sufficient  for  either  sole,  belting,  or  harness  leather. 

Extraction  of  uncombined  tannins  and  nontannins  {A,  L,  C.  A,  method), — 
Concordant  results  can  be  obtained  by  using  this  method,  provided  the  tempera- 
ture is  always  50*"  and  that  absolutely  the  same  temperature  Is  kept  during  the 
extraction  of  different  samples  of  leather.  The  method,  however,  is  an  em- 
pirical one,  as  a  few  degrees'  difference  in  the  temperature  makes  a  considerable 
difference  in  the  results.  There  is  a  constant  breaking  down  of  leather  substance 
by  the  continued  digestion  with  water  even  at  this  temperature,  thus  making 
the  results  depend  entirely  upon  the  temperature,  time  of  extraction,  and  degree 
of  tannage  of  the  leather.  The  results  by  this  method  are  not  as  concordant  as 
those  by  the  alcohol  method. 

Bureau  of  Chemistry  method. — ^The  apparatus  as  suggested  in  the  Bureau  of 
Chemistry  method  is  rather  cumbersome,  and  considerable  difficulty  in  manipu- 
lation was  experienced.  Constant  attention  was  required  to  prevent  the  tem- 
perature in  the  water  jacket  from  getting  above  50*,  and  it  was  very  difficult  to 
drive  the  steam  through  the  water  jacket  at  this  temperature  because  the  steam 
was  condensed.  It  was  almost  2  hours  before  the  first  siphoning  took  place. 
The  result  on  leather  No.  1  is  lower  than  by  either  the  alcohol  or  the  A.  L.  C.  A. 
method  of  extraction,  and  I  believe  It  Is  due  to  the  fact  that  the  apparatus  did 
not  siphon  often  enough.  I  have  no  results  on  leather  No.  2,  as  I  was  not 
favorably  Impressed  with  the  method  and  did  no  more  work  with  this  apparatus 

Alcohol  extraction. — ^Thls  method  seems  to  be  very  promising,  as  It  is  not  em- 
pirical to  the  extent  that  the  water  extraction  is,  where  no  definite  end  point  Is 
reached,  nor  Is  there  the  breaking  down  of  leather  substance  and  dissociation  of 
tannin  that  there  is  in  the  water  extraction.  The  tannin  extracted  by  alcohol 
is,  I  believe,  actual  uncombined  tannin,  which  is  more  than  I  can  say  of  the 
tannin  extracted  by  water.  An  examination  of  the  leather  residues  after  ex- 
traction with  water  showed  a  more  or  less  dissociated  and  jumbled  mass  ot 
leather,  whereas  in  the  alcohol  extraction  the  leather  seemed  to  retain  practi- 
cally its  original  condition.  It  is  true  that  Epsom  salts  are  soluble  in  alcohol, 
but  to  a  limited  extent  I  believe  that  this  error  can  be  ignored  for  commercial 
analyses. 

Glucose,  however,  is  quite  soluble  in  alcohol,  so  that  there  is  probably  no 
advantage  in  the  alcohol  method  in  this  respect 

Glucose, — I  think  that  basic  lead  acetate  gives  too  low  results  and  conse- 
quently did  not  complete  all  determinations  with  this  reagent.  Sodium  car- 
bonate was  used  in  this  work  instead  of  potassium  oxalate,  as  two  samples 
which  I  have  tried  with  potassium  oxalate  ran  8.70  and  8.41  per  cent  of  glucose, 
as  against  7.27  and  7.52  per  cent  (as  reported)  using  sodium  carbonate.  This 
led  me  to  believe  that  the  results  with  potassium  oxalate  were  too  high,  and 
I  fell  back  on  the  sodium  carbonate,  which  I  have  always  used  in  the  past.  I 
believe,  however,  that  potassium  oxalate,  being  a  neutral  salt  is  preferable  to 
sodium  carbonate,  as  it  is  quite  difficult  to  know  just  when  enough  sodium  car- 
bonate is  added  to  precipitate  all  of  the  lead.    In  my  first  report  I  mentioned 
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the  fact  that  diflSoulty  was  experienced  in  securing  good  duplicates,  and  I  hare 
no  doubt  by  this  time  that  this  was  caused  by  the  fact  that  in  adding  an  uneven 
amount  of  sodium  carbonate  in  order  to  be  certain  of  the  removal  of  all  lead, 
conditions  of  alkalinity  were  established  in  the  filtrate  which  caused  the  poor 
duplicates.  Excellent  duplicates  were  secured  on  the  actual  precipitation  of 
the  glucose  in  the  filtrate  after  inversion  and  neutralization,  proving  that  the 
source  of  my  trouble  was  not  in  the  handling  of  the  copper  precipitate. 

I  think  the  method  which  you  have  outlined  for  the  work  on  the  subject  this 
year  is  much  better  than  the  present  method.  I  believe  the  refluxlng  to  be  a 
great  improvement  over  the  evaporating,  and  I  also  believe  your  proportion  of 
lead  acetate  to  the  volume  of  solution  to  be  better  than  that  called  for  by  the 
present  method.  Personally,  I  would  prefer  taking  a  little  larger  quantity  of 
the  solution,  which  would  obviate  the  necessity  of  waiting  so  long  for  sufficient 
filtrate  from  which  to  remove  the  lend  and  yet  have  the  150  cc  required  for 
inversion.  The  determinations  of  glucose  in  water  extract  and  alcohol  extract 
were  fairly  concordant. 

Gejueral  Summary  by  Referee. 

determinatioit  of  fats. 

The  results  on  the  extraction  of  fats  taken  as  a  whole  agree  very  well.  In 
sample  No.  1,  which  contained  about  2  per  cent  fat,  judging  from  the  averages 
as  shown  in  Table  1,  all  except  0.03  per  cent  of  the  fat  was  removed  in  6 
hours.  In  sample  No.  2,  containing  from  29  to  30  per  cent  of  fat,  the  averages 
indicate  that  10  hours'  extraction  removes  all  but  0.08  per  cent  of  the  fat 
present.  Table  1  shows  that  In  the  results  obtained  by  the  24  hours*  extraction 
both  in  samples  No.  1  and  No.  2  there  are  a  few  abnormally  low  results.  These, 
I  think,  may  be  due  (as  suggested  by  Ray  and  Blockey)  to  the  leather  being 
packed  too  tightly  in  the  extraction  thimble.  No  m^ition  was  made  of  this 
precaution  in  the  directions,  because  it  was  thought  that  the  necessity  of 
loosely  packing  the  leather  in  the  Soxhlet  was  self-evident.  If  the  packing  of 
the  leather  be  carefully  avoided  and  the  siphonings  regulated  to  approximately 
10  per  hour,  I  believe  that  10  hours'  extraction  will  be  more  than  sufficient  to 
completely  remove  the  fat,  even  from  a  heavily  greased  leather,  and  that 
leathers  containing  a  low  percentage  of  fat  can  be  extracted  In  from  6  to  8 
hours. 

EXTRACTION  OF  SOLUBLES. 

After  comparing  the  three  methods  of  extraction,  I  give  the  Bureau  of  Chem- 
istry method  the  preference.  Some  claim  that  this  method  is  cumbersome 
and  the  apparatus  difficult  to  arrange  and  manipulate.  I  have  found  no  trouble 
in  this  direction;  in  fact,  it  requires  only  a  small  amount  of  ingenuity  to 
arrange  and  manipulate  the  apparatus  as  described  in  the  directions.  Of 
course  it  is  not  expected  that  the  side  tube  of  the  Soxhlet  will  pass  through  the 
water  bath  which  surrounds  the  extractor  and  which  is  kept  at  50"  O.  This 
tube  must  pass  to  the  condenser  outside  of  the  bath  or  there  will  be  a  large 
amount  of  condensation  and  running  back  into  the  extraction  flask  and  the 
extraction  will  progress  very  slowly.  Although  the  total  time  required  for  the 
extraction  is  longer  than  that  in  either  of  the  other  methods,  the  time  actually 
used  in  manipulation  is  but  little  more.  The  results  for  soluble  solids  and 
tannins  are  higher  than  by  the  A.  L.  C.  A.  method,  while  the  nontannins  remain 
practically  the  same.  This  indicates  that  while  a  small  amount  of  tannin  may 
be  destroyed  by  boiling  the  extract,  more  of  the  uncombined  tannin  pres^it  Is 
removed.  The  A.  L.  C.  A.  method  undoubtedly  removes  practically  all  of  the 
readily  soluble  tannins,  but  the  more  difficultly  soluble  tannins,  such  as  the 
"reds,"   require  much  longer  extraction,   such  as  is  given  by  the  Bureau 
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of  Cbemlstry  method.  Since  the  extracts  obtained  by  this  method,  when 
tested  for  soluble  hide,  gave  no  Indication  of  its  presence,  it  is  evident  that 
practically  no  combined  tannin  was  removed;  and  since  the  soluble  solids  ob- 
tained by  the  Bureau  of  Chemistry  method  are  usually  about  the  same  or  a 
little  lower  than  those  by  the  alcohol  method,  it  seems  that  Mr.  Faust's  com- 
ment, that  extraction  by  the  Bureau  of  Chemistry  method  removes  combined 
tannin  and  breaks  up  the  leather,  is  not  well-grounded.  The  A.  L.  C.  A. 
method  gives  very  satisfactory  results,  save  for  the  fact  that  it  does  not 
remove  the  more  difficultly  soluble  tannins. 

The  alcohol  method,  contrary  to  the  claims  of  Riker,  does  remove  nearly  all 
of  the  sugar  present  (See  Table  2,  Glucose  B.)  The  extract,  when  evap- 
orated with  water,  always  becomes  cloudy,  and  considerable  gummy,  resinous 
matter  remains  insoluble,  making  manipulation  difficult  Sometimes  it  is  nearly 
impossible  to  obtain  a  clear  soluble  solid  filtrate.  In  my  own  experience,  I 
have  found  the  results  by  this  method  little  higher  than  those  of  the  Bureau 
of  Chemistry  method,  and  I  do  not  find  a  sharper  end  point  in  the  extraction. 
A  leather  residue,  after  being  extracted  with  vigorously  boiling  95  per  cent 
alcohol  for  8  hours,  was  washed  once  with  water,  and  the  washing  water  gave 
a  heavy  precipitate  with  a  gelatin  salt  solution. 

GLUCOSE. 

A  comparison  of  the  results  obtained  for  Glucose  A  (cleared,  with  normal 
lead  acetate)  and  Glucose  B  (cleared  with  basic  lead  acetate)  is  very  interest- 
ing. Sample  No.  1  (Table  2)  was  a  specially  prepared  leather  and  contained  a 
definitely  known  amount  of  glucose.  The  amount  actually  added  was  7.73  per 
cent,  and  the  blank  on  the  original  leather  gave  0.60  per  cent,  making  a33  per 
cent  total  sugar  in  the  leather.  It  is  evident  from  Table  2  that  in  every  case 
where  basic  lead  acetate  was  used  as  a  clearing  agent  the  percentage  of  sugar 
found  was  much  lower  than  the  percentage  of  sugar  actually  added.  Further- 
more, the  average  of  all  sugar  determinations  made  on  extracts  obtained  by 
the  A.  L.  C.  A.  and  the  Bureau  of  Chemistry  methods  and  cleared  by  normal 
lead  acetate  was  8.39  per  cent,  or  within  0.06  per  cent  of  the  theoretical  amount 
of  sugar  present  In  sample  No.  2  (l^ble  2)  the  results  for  Glucose  A  and 
Glucose  B  indicate  that  the  same  rule  holds  good.  This  ^ows  clearly  that 
theoretical  results  can  be  obtained  with  normal  lead  acetate  and  that  the  basic 
lead  acetate  removes  sugar  and  invariably  gives  low  results. 

Recommendations. 

It  is  recommended  that  the  following  methods  for  the  analysis  of  leather  be 
adopted  as  provisional  methods: 

1.  PBEPABATION  OF  SAMPLE. 

Reduce  the  sample  to  state  of  fineness  such  that  it  will  pass  through  a  milli- 
meter sieve  (it  must  not  contain  hard  lumps).  Avoid  all  unnecessary  heating 
during  grinding.  Spread  the  sample  out  and  allow  it  to  return  to  atmospheric 
moisture  conditions,  mix  thoroughly,  and  place  in  a  tightly  covered  container. 

2.   MOISTUBE. 

Weigh  10  grams  of  the  prepared  sample  into  a  wide,  shallow,  covered  weigh- 
ing bottle  (or  a  similar  dish  which  may  be  covered  tightly  when  it  is  removed 
from  the  drying  oven),  and  dry  for  15  hours  in  a  water  oven  at  from  98 "^  to 
lOO'*  C  Cover  the  weighing  bottle  when  it  is  removed  from  the  oven,  desiccate  over 
sulphuric  acid,  and  weigh.  If  it  is  desired  to  determine  the  moisture  originally 
present,  the  leather  must  be  quickly  cut  in  small  pieces  with  a  knife  and  dried 
In  the  usual  way  without  grinding. 
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8.  ASH. 

Slowly  incinerate  5  grams  of  the  prepared  sample  at  a  dull-red  heat  (In 
case  difficulty  Is  experienced  in  burning  oflf  the  carbon,  leach  out  the  residue 
with  hot  water,  filter  on  an  ashless  filter,  dry  and  ignite  the  filter  and  residue, 
add  the  filtrate,  evaporate  to  dryness,  and  ignite.)  Desiccate  over  sulphuric 
acid  and  weigh. 

4.  FATS. 

Place  loosely  15  grams  of  the  prepared  leather  in  a  Soxhlet  extractor  contain- 
ing a  layer  of  fat-free  cotton  and  cover  with  another  layer  of  cotton.  Extract 
with  petroleum  ether,  distilling  between  50*  and  80**  C.  for  from  8  to  10  hours. 
Heavily  greased  leathers  (containing  15  per  cent  or  more)  will  require  the 
maximum  time.  Regulate  the  boiling  so  as  to  give  from  10  to  15  siphonings  per 
hour.  Remove  the  flask,  evaporate  the  petroleum  ether  on  a  steam  bath,  and 
dry  in  a  water  oven  at  from  98°  to  100"  C.  to  practically  constant  weight. 
Desiccate  and  weigh.  Retain  the  leather  residue  from  the  fat  extraction  for 
the  extraction  of  water  solubles. 

6.  EXTBACnON  OF  WATER  SOLUBLES. 

Thoroughly  moisten  the  leather  residue  from  the  fat  extraction.  Transfer 
to  a  Soxhlet  extractor  designed  for  making  extractions  at  low  temperatures 
and  containing  a  layer  of  cotton.  Place  cotton  above  the  leather  in  the  ex- 
tractor to  prevent  it  from  being  carried  over  at  the  time  of  siphoning  and 
extract  at  50**  C.  At  the  beginning  of  the  extraction,  pour  25  cc  of  distilled 
water  (including  that  used  in  moistening  the  leather)  into  the  Soxhlet  and 
allow  it  to  siphon  into  the  flask  below,  then  begin  the  boiling.  At  the  ^id  of 
the  first  hour,  remove  the  flame  and  transfer  the  extract  to  a  1-liter  graduated 
flask.  Add  175  cc  of  distilled  water  to  the  Soxhlet  and  continue  the  extraction 
for  2  hours.  Transfer  the  extract  to  the  graduated  flask,  add  175  cc  water,  and 
extract  for  3  hours.  Transfer  the  extract  to  the  graduated  fiask,  add  175  cc 
water  and  extract  for  4  hours.  Trnnsfer  the  last  portion  of  the  extract  to  the 
graduated  flask.  This  gives  14  hours*  extraction  and  an  extract  that  does  not 
exceed  1  liter  in  volume.  Make  the  extract  up  to  1  liter  at  room  temperature. 
A  few  drops  of  toluene  or  carbolic  acid  must  be  added  to  the  leather  extract 
to  prevent  the  fermentation  of  sugars. 

6.  GLUCOSE. 

(a)  Preparation  of  solution. 

To  200  cc  of  the  leather  extract  ndd  25  cc  of  a  saturated  solution  of  normal 
lead  acetate,  mix  thoroughly,  allow  to  stand  about  15  minutes,  and  Alter.  The 
funnels  and  beakers  must  be  kept  covered  to  prevent  evaporation.  Precipitate 
the  lead  from  this  flltrate  with  a  slight  excess  of  solid  potassium  oxalate  and 
filter.  Pipette  150  cc  of  the  last  filtrate  into  a  600  cc  Erlenmeyer  flask,  add 
5  cc  of  concentrated  hydrochloric  add  and  boll  under  a  reflux  cond^iser  for 
two  hours.  Cool,  neutralize  with  anhydrous  sodium  carbonate  (using  phenol- 
phthalein),  transifer  to  a  200  cc  graduated  flnsk,  and  make  to  volume.  Filter 
through  a  double  fllter.     (This  flltrate  must  be  clear.) 

(b)  Determination, 

Use  50  cc  of  this  flltrate  for  the  determination  of  sugar,  following  the 
method  for  determining  sugars  in  general  (Munson  and  Walker),  Bulletin 
107,  Revised,  pages  241-242. 

7.  TOTAL  SOLIDS. 

Thoroughly  mix  the  original  extract,  immediately  pipette  10  cc  into  a  tared 
dish,  evaporate,  and  dry  rs  directed  in  "Methods  for  the  analysis  of  tanning 
materials,"  Bulletin  107,  Revised,  page  37,  under  "  4.  Evaporation  and  drying." 

8.   SOLUBLE  SOLIDS. 

Determine  as  directed  under  "  Methods  for  the  analysis  of  tanning  materials,** 
Bulletin  107,  Revised,  page  36,  "(c)  Soluble  solids." 
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9.  N0NTANNIN8. 

Prepare  a  quantity  of  hide  powder  sufficient  for  the  number  of  analyses  to  be 
made  during  one  day  only,  m  the  following  manner:  Digest  with  10  times  its 
weight  of  water  until  thoroughly  soaked.  Add  3  per  cent  of  chrome  alum  in 
solution,  agitate  by  either  shaking  or  stirring  occasionally  for  several  hours, 
and  let  stand  overnight.  Wash  by  squeezing  through  linen,  continuing  the 
washing  until  the  wash  water  gives  no  precipitate  with  barium  chlorid. 
Squeeze  the  hide,  using  the  press  if  necessary,  so  that  the  wet  hide  will  contain 
between  70  and  75  per  cent  of  water.  Use  approximately  20  grams  of  wet  hide 
for  moisture  determination.  Add  to  200  cc  of  the  original  solution  such  a 
quantity  of  wet  hide  as  will  give  the  ratio  of  dry  hide  to  tannin  Indicated  by 
the  following  table: 

Tannin  range  per  100  cc.                                      Dry  hide  powder  per  200  oe. 
0. 35  to  0. 45  gram 9      to  11      grams. 

.  25  to    .35  gram J 6. 5  to    9      grams. 

.18  to    .28  gram 4      to    6.5  grams. 

.00  to    .15  gram 0      to    4      grams. 

Add  2  grams  of  kaolin  to  the  filtrnte,  stir,  and  filter  through  a  folded  filter 
S  and  S  No.  590  of  sufficient  size  to  hold  the  whole  filtrate,  returning  until 
clear.  Evaporate  100  cc  of  the  filtrate,  dry,  and  weigh  as  directed  under 
soluble  solids.  The  weight  of  the  residue  must  be  corrected  for  the  dilution 
caused  by  the  water  contained  in  the  wet  hide  powder.  (The  nontannin  filtrate 
must  not  give  a  precipitr^te  with  a  1  per  cent  gelatin,  10  per  cent  salt,  solution.) 

Note. — In  order  to  limit  the  amount  of  air-dried  powder  used,  determine  the 
moisture  in  the  air-dried  hide  powder  and  calculate  the  quantity  equal  to 
at  least  15  grnms  of  actual  dry  hide  powder,  take  any  multiple  of  this  quantity, 
according  to  the  number  of  analyses  to  be  made,  and  after  chroming  and  wash- 
ing as  directed,  squeeze  to  a  weight  representing  70  to  75  per  cent  water. 
Weigh  the  whole  amount  and  divide  by  the  multiple  of  the  grams  of  actual  dry 
hide  powder  taken  to  obtain  the  weight  of  the  wet  hide  powder  for  200  cc  of 
solution.  The  hide  powder  should  always  he  used  the  same  day  that  it  is 
washed, 

,    10.  TANNIN. 

The  tannin  content  is  shown  by  the  difference  between  the  soluble  solids  and 
the  corrected  nontannin& 

11.   NFTROGEN. 

Determine  by  the  Kjeldahl  or  Gunning  method.  Bulletin  107,  Revised,  pages 
5-7. 

12.   HIDE  SUBSTANCE. 

Multiply  the  percentage  of  nitrogen  by  5.62  and  the  result  will  be  the  per- 
centage of  hide  substance  present 

It  is  further  recommended  that  the  work  be  continued,  paying  special  atten- 
tion to  the  development  of  tests  indicative  of  the  quality  and  durability  of 
leather. 

Mr.  Mitchell,  referee  on  food  adulteration,  moved  that  another 
associate  refereeship  on  this  subject  be  established  to  cover  work  on 
the  determination  of  heavy  metals  in  food  products. 

The  motion  was  carried. 

The  remainder  of  the  session  was  devoted  to  the  work  on  drugs  and 
medicinal  plants,  the  following  reports  of  referees  and  correlated 
papers  being  presented  in  abstract  or  by  title. 
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REPORT  ON  MEDICINAL  PLANTS  AND  DRUGS. 

By  L.  F.  Kebleb,  Referee, 

The  work  during  the  past  year  has  been  of  singular  Interest  in  many  ways, 
but  the  amount  accomplished  is  not  as  much  as  desired,  chiefly  because  of  lack 
of  available  workers.  The  results  again  emphasize  the  great  need  of  sys- 
tematic study,  sampling,  analytical  methods,  and  standards,  both  specific  and 
applied,  with  a  view  to  determining  what  degree  of  accuracy  can  be  obtained 
by  workers  in  the  same  and  different  laboratories. 

The  Pharmacopoeia  prescribes  tests  for  all  drugs  recognized  by  this  authority, 
including  the  source,  analytical  methods,  standards,  degree  of  purity,  and  limit 
of  foreign  matter,  as  the  case  may  be.  The  subject  of  sampling  is  receiving 
careful  consideration,  and  it  Is  hoped  that  a  full  report  with  recommendations 
can  be  made  at  the  next  meeting.  The  source  included  in  some  of  the  tests  is 
frequently  of  the  utmost  importance ;  for  example,  cardamon,  "  The  dried,  nearly 
ripe  fruit  of  Elettaria  repens  (Sonnerat)  Balllon  (Fam.  Zinglberacese)."  This 
standard  clearly  designates  the  source  of  the  material,  and  If  a  samite  should 
be  found  which  Is  contaminated  with  bastard  cardamon  It  is  clearly  evident 
that  the  article  Is  not  the  article  prescribed  by  the  law.  Many  of  the  tests  for 
crude  drugs  make  no  provision  whatever  for  the  presence  of  certain  incidental 
or  accidental  foreign  material  that  Is  usually  present  In  these  products. 

Uva  ursl  has  been  offered  for  Importation  containing  an  excess  of  40  per  cent 
of  stems,  worthless  leaves,  and  other  foreign  material.  The  excuse  offered  by 
the  Importer  for  the  character  of  the  drug  was  that  It  Is  Intended  for  use  in 
the  manufacture  of  cattle  powder  or  veterinary  remedies.  Steps  have  been 
taken  to  reduce  the  percentage  of  such  material  imported;  in  f^ct,  certain 
Imports  have  been  permitted  entry  only  on  condition  that  the  Importer  would 
eliminate  the  excessive  amounts  of  foreign  material. 

An  excellent  example  for  this  recommendation  to  be  put  Into  practice  Is  in 
cubeb  berries.  There  Is  no  legal  excuse  for  cubeb  berries  containing  more  than 
6  per  cent  of  foreign  material,  since,  as  commonly  found  in  this  commodity,  it 
can  be  easily  eliminated  by  mechanical  means. 

Experience  has  furthermore  shown  that  It  will  be  necessary  to  prohibit  the 
importation  of  commodities  containing  excessive  amounts  of  foreign  material  if 
the  pharmaceutical  and  medical  professions  are  to  be  supplied  with  agents  salt- 
able  for  treating  the  sick  to  the  best  advantage.  It  is  hoped  that  prime  goods 
will  in  time  be  offered  free  from  Impurities;  in  fact,  the  courts  may  make  this 
necessary  in  order  that  the  public  may  be  protected.  In  the  past  certain  goods 
have  been  released  on  the  condition  that  they  be  marked  indicating  the  nature 
and  character  of  the  Impurities  present  It  subsequently  developed  that  some 
of  these  goods  were  supplied  on  orders  without  indicating  to  the  purchaser  that 
the  articles  were  not  of  proper  quality.  Such  transactions  at  times  result  In 
the  second  dealer  finding  himself  face  to  face  with  a  violation  of  the  law. 
Furthermore,  such  goods  are  at  times  shipped  into  interstate  commerce  with  the 
correct  marks,  but  after  they  have  crossed  the  borders  of  the  State  the  original 
package  is  broken  and  the  consuming  public  is  at  the  mercy  of  the  dealers 
unless  State  officers  interfere.  It  is  hoped,  therefore,  that  the  officers  charged 
with  the  supervision  and  enforcement  of  the  State  drug  laws  will  take  an  active 
interest  in  these  matters. 

Some  of  the  analytical  methods  did  not  give  satisfactorily  concordant  results 
in  the  hands  of  different  workers.  For  example,  the  method  for  determining 
the  alkaloldal  matter  in  Hyoscyamus  Is  liable  to  a  variation  of  100  per  cent 
when  executed  by  experienced  analysts,  and  naturally  a  method  giving  such 
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great  yariations  as  this  would  be  difficult  to  employ  to  adyautage  for  court 
work.  The  chief  drawback  with  the  method  appears  to  be  insufficient  time 
and  solvent  to  extract  the  alkaloids  properly  from  the  powdered  drug. 

Specific  standards  are  prescribed  in  the  tests  for  certain  drugs.  For  example, 
the  description  of  Cannabis  indica  states  that  the  powder  sliall  contain  few  or 
no  stone  cells,  which  means  the  virtual  absence  of  seeds  in  the  finished  product 
In  practice  it  has  been  found  exceedingly  difficult  to  put  such  a  standard  in 
force  and  effect  for  the  simple  reason  that  there  are  few,  if  any,  samples 
available  on  the  market  free  from  seeds  to  the  extent  prescribed.  Further- 
more, information  is  lacking  as  to  Just  what  amount  of  seed  should  or  should 
not  be  permitted. 

Attention  is  now  called  to  standards  that  are  indicated  but  not  specifically 
set  forth.  Such  standards  include  the  amount  of  alcohol  that  should  be 
present  in  finished  products  made  according  to  certain  prescribed  formulae 
For  example,  the  Pharmacopoeia  gives  a  formula  for  manufacturing  tincture 
of  ginger,  but  no  definite  statement  appears  as  to  the  amount  of  alcohol  that 
should  be  present  in  the  finished  product,  neither  is  there  any  reference  as  to 
the  amount  of  nonvolatile  matter  that  might  i)ossibly  be  present  in  a  prepara- 
tion made  as  directed  by  this  authority.  These  features  are  ihost  important, 
because  it  is  Well  known  that  the  alcoholic  strength  of  the  menstruum  is  quite 
different  from  the  percentage  of  alcohol  contained  in  the  finished  product 
Ninety-five  per  cent  alcohol  usually  extracts  far  less  material  than  this  solvent 
containing  more  water.  This  feature  Is  taken  advantage  of  by  some  manu- 
facturers in  preparing  such  articles  as  tincture  of  ginger  or  extract  of  ginger. 

In  a  paper  communicated  to  this  association  last  year  by  Mr.  Street  on  the 
subject  of  ginger  extracts,  attention  was  called  to  the  fact  that  menstrua  con- 
taining smaller  amounts  of  alcohol  than  that  contained  in  original  (95  per  cent) 
alcohol  removed  considerably  more  extractive  matter  than  this  95  per  cent 
alcohol.  Your  referee  has  conducted  experiments  on  the  same  article  with 
results  that  corroborate  the  findings  of  Mr.  Street  in  this  particular.  The 
results  will  be  communicated  next  year  in  a  separate  article  entitled  "Standard 
for  tincture  of  ginger."  The  work  was  completed  this  year,  but  owing  to 
other  duties  and  absence  from  the  city  the  results  were  not  presented. 

In  this  connection  it  might  be  well  to  call  attention  to  the  well-known  fact 
that  examinations  and  investigations  of  food  and  drug  problems  frequently 
overlap  each  other,  and  if  it  were  possible  to  arrive  at  some  plan  whereby  the 
efforts  of  investigators  on  subjects  that  have  to  a  certain  extent  a  common 
basis  mi^ht  be  combined,  it  certainly  would  be  most  desirable.  Such  a  plan 
would  eliminate  so-called  double  standards  in  many  instances. 

The  associate  referee  on  synthetic  products,  W.  O.  Emery,  has  conducted  co- 
operative work  during  the  past  year  and  the  report  will  be  submitted. 

H.  G.  Fuller  has  also  conducted  some  cooperative  work  on  medicated  soft 
drinks  and  the  report  is  presented. 

Mr.  Schneider  has  submitted  a  very  voluminous  paper  on  the  subject  of 
microscopical  work,  but  the  referee  feels  that  a  part  of  this  paper  does  not 
deal  specifically  with  the  work  assigned  him  as  associate  referee,  and  it  is 
therefore  suggested  that  only  such  parts  of  his  report  be  considered  as  properly 
come  within  the  scope  of  the  work  on  medicinal  plants. 

Several  papers  on  various  subjects  are  presented.  In  some  instances  the  re- 
sults embodied  in  these  papers  Involved  cooperation,  while  others  represent  the 
work  of  a  single  individual. 

In  concluding,  the  referee  feels  that  there  has  not  been  sufficient  work  done 
along  the  various  lines  to  make  definite  recommoidatioiis,  and  for  this  reason 
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simply  recommends  that  the  work  at  present  established  be  continued,  with  such 
modifications  in  the  methods  as  the  seyeral  associate  referees  have  recom- 
mended. 

REPORT  ON  HBADACHB  MIXTURES. 
By  W.  O.  Emebt,  Associate  Referee^  Bynihetic  Drug  Products. 

Cooperative  work  on  headache  preparations  has  been  conducted  during  the 
past  year  according  to  the  general  plan  put  in  operation  four  years  ago  and 
reported  on  at  the  last  three  meetings  of  the  association.  Two  samples  were 
submitted  to  cooperating  chemists,  one  (No.  8)  a  powder  mixture  containing 
acetphenetidin,  caffein,  and  sodium  bicarbonate;  the  other  {^o.  9)  a  liquid 
product  consisting  of  alcohol,  acetanilid,  caffein,  sodium  salicylate,  water,  gly- 
cerin, and  oil  of  peppermint,  of  which  constituents  the  first  four  named  were 
to  be  estimated  quantitatively.  No.  8  was  to  be  treated  substantially  in  ac- 
cordance with  instructions  outlined  in  Bulletin  132,  page  198;  for  Na  9  the 
following  directions  were  sent  to  the  co-workers : 

Method  fob  Analyzing  Liqitid  Headachb  Mdetube.^ 

ALCOHOL. 

Cool  sample  to  25"*  C,  at  which  temperature  fill  a  25  cc  flask '  to  mark,  weigh, 
then  transfer  to  a  distilling  apparatus,*  rinsing  out  the  flask  several  times  with 
water,  employing  for  this  purpose  a  total  of  25  cc.  Distil  into  a  50  cc  flask 
(surrounded  by  Ice  water)  until  the  liquid  In  the  distilling  flask  Is  reduced  to 
10  cc.  Transfer  the  somewhat  turbid  distillate  (due  to  volatile  oil)  to  a  sep- 
arator provided  with  short  delivery  tube,  rinse  out  the  flask  several  times 
with  a  total  of  15  cc  water,  saturate  the  combined  solution  with  sodium  chlorid, 
shake  vigorously  for  two  minutes  with  26  cc  low  boiling  (40-(K)*  C.)  petroleum 
ethei^,  then  allow  to  stand  15  minutes.  Draw  off  entire  liquid  into  a  second 
separator,  washing  out  the  flrst  (which  still  contains  undissolved  salt)  with  5 
cc  saturated  salt  solution  into  the  second.  Draw  off  the  lower  layer  into  flrst 
separator,  from  which  the  undissolved  salt  has  in  the  meantime  been  removed, 
and  shake  it  out  as  above  with  a  second  portion  of  25  cc  petroleum  ether. 
Combine  both  ethereal  extractions,  wash  with  25  cc  saturated  salt  solution, 
draw  off  latter  after  15  minutes  and  add  to  the  distillate  flrst  treated,  flnally 
transferring  resultant  mixture  to  the  distillation  flask.*  Distil  Into  a  50  cc 
flask  (cooled  in  ice  water)  nearly  to  mark,  allow  temperature  to  rise  to  25**  C. 
flll  to  mark,  and  determine  the  specific  gravity  at  this  temperature  In  a  Squibb 
pyknometer,  calculating  the  per  cent  of  alcohol  by  volume  from  tables  in  the 
United  States  Pharmacopoeia,  eighth  revision.  The  percentage  obtained  multi- 
plied by  2  will  give  the  amount  of  alcohol  in  original  sample.  ^ 

CAFFEIN- ACETANnJD. 

Transfer  residual  crystalline  magma  containing  the  caffein,  acetanilid,  and 
sodium  salicylate  from  distilling  flask  to  a  separatory  funnel  by  the  aid  of  suc- 
cessive portions  of  water  (ending  with  a  little  chloroform  if  necessary  to  re- 
move all  traces  of  acetanilid)  so  that  the  flnal  volume  of  the  aqueous  solution 

^  Sample  was  prepared  at  the  temperature  of  25*  C'  in  a  flask  graduated  at  20*  C  since 
It  was  found  that  at  the  latter  temperature  the  acetanilid  tended  to  separate  In  part 
from  the  solution. 

'  Onlv  flasks  graduated  at  20*  C.  should  be  employed  In  determining  the  alcohol,  during 
manipulation  with  the  sample  in  hand,  for  reasons  which  are  apparent  after  a  consia- 
eration  of  the  footnote  above. 

*The  apparatus  consists  of  a  half-liter,  round-bottom  flask  standing  on  a  perforated 
(1-lnch)  asbestos  plate,  so  that  the  flame  may  never  come  In  actual  contact  with  any 
portion  of  the  glass  not  covered  by  the  liquid  contents.  In  this  way  overheating  may 
easily  be  avoided.  The  connection  between  flask  and  condenser  is  eflrected  by  means  of 
tightly  fitting  rubber  stoppers  and  doubly  bent  tube.  The  lower  end  of  condenser  ia 
contracted  sufficiently  to  permit  entrance  into  neck  of  receiving  flask  immersed  in  ice 
water,  thus  avoiding  use  of  adapter. 

«Thl8  method  for  the  removal  of  volatile  oils  is  substantially  the  same  as  that  sug- 
gested by  Thorpe  and  Holmes,  J.  Chem.  Soc.,  1903,  Sti  814. 
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does  not  exceed  50  cc.  Make  flye  separate  extractions  by  means  of  Tlgorons 
shaking,  each  time  with  70  cc  chloroform*  Allow  solvent  to  clear  after  each 
extraction,  pass  through  small  (5.5  cc)  dry  filter  Into  a  200  cc  Erienmeyer 
and  distil  by  the  aid  of  a  small  flame  until  about  60  cc  have  gone  over.  Use 
this  distillate  for  each  subsequent  extraction,  making  up  to  70  cc  as  found  nec- 
essary with  fresh  solvent  After  the  flnal  extraction  and  distillation  of  chloro- 
form, add  10  cc  dilute  sulphuric  acid  and  evaporate  to  4  or  5  cc  on  steam  bath, 
transfer  the  residual  acid  solution  of  caffein  and  anilin  sulphate  to  a  100  cc 
graduated  flask,  fill  to  mark  and  determine  caffein  and  acetanilid  in  an  aliquot 
of  25  cc,  as  directed  in  method  previously  submitted.    (See  BuL  132,  p.  197.) 

SOnrUM  BALICTLATB   (SALIOYLIO  ACID). 

The  aqueous  solution  remaining  in  separatory  funnel  and  containing  the 
sodium  salicylate  and  glycerin  is  rendered  acid  with  hydrochloric  acid  and 
extracted  three  separate  times  by  means  of  vigorous  shaking,  70  cc  chloroform 
being  employed  for  each  extraction.  The  solvent,  after  clearing,  is  run  into  a 
200  cc  erienmeyer  (containing  10  cc  water  and  1  gram  dry  sodium  carbonate, 
sufilcient  to  fix  all  the  salicylic  acid  present)  and  distilled  over  a  small  flame 
until  most  of  the  chloroform  has  been  expelled.  After  the  final  distillation  and 
elimination  of  all  chloroform,  transfer  the  aqueous  soda  solution  of  sodium 
salicylate  to  a  liter  flask,  add  10  grams  dry  sodium  carbonate,  fill  to  mark, 
pipette  an  aliquot  of  1(X)  cc  into  a  200  cc  erienmeyer,  hent  nearly  to  boiling, 
then  add  about  35  cc  fifth  normal  iodin  in  potassium  iodid  (or  double  this 
quantity  of  tenth  normal  iodin  solution),  enough  to  insure  an  excess  of  iodin. 
Heat  one  hour  on  steam  bath  to  near  the  boiling  temperature,  during  which 
time  a  violet-red  precipitate  of  tetralodophenylenquinon  (C^eHtltO)!  will  appear. 
Remove  excess  of  iodin  by  the  addition  of  a  few  drops  of  hypo  solution,  decant 
liquid  off  into  a  tared  Gooch  crucible,  care  being  taken  that  most  of  the  precipi- 
tate remains  in  the  flask.  Add  50  cc  boiling  water  to  the  iodin  compound  in 
flask,  digest  for  10  minutes  on  steam  bath,  then  pour  into  the  gooch,  into 
which  the  precipitate  is  gradually  washed  by  means  of  hot  water,  using  for 
this  purpose  about  200  cc.  Dry  to  constant  weight  In  air  bath  at  100**  C.  Mul- 
tiply weight  of  precipitate  by  0.4658  and  the  product  will  be  the  weight  of 
sodium  salicylate  in  aliquot  taken.    Report  all  results  in  parts  per  100. 

Analytical  Data. 

The  results  obtained  and  reported  have  been  tabulated  as  follows : 

Cooverative  results  on  headache  mixtures. 

[Percentage  data.] 


No.  8. 

No.  9. 

Anal3rst. 

Chloro- 
form- 
insohible 
residue. 

OaJ. 
fein. 

Acet- 

phe- 

netidln. 

Total 

Alco- 
hol. 

Caf. 

i^in. 

Acet- 
anilid. 

Sodium 
salicylate. 

J.  M.  Bartlett,  Orono,  Me 

W.  0.  Emery,  Washington,  D.  C. 

Chas.  W.  Johnson,  8eattle,Wash.« . 

a  C.  Le  Febvre,  Washington, 
D.C 

20.66 
19.63 

21.10 

20.88 
20.92 

20.92 
20.96 

•  21.78 

•  21.19 

•  20.86 

12.30 
13.80 
13.60 
13.00 
13.12 

12.61 
11.91 

13.17 
13.46 
13.02 
13.62 

13.30 
13.30 

64160 
67.60 
66.10 

66.67 

66.69 
66.27 

66.27 
65.66 
66.76 
66.84 

66.60 
66.30 

199.30 

99.89 

100.08 
99.10 

100.36 
99.08 
101.66 
10L65 

100.76 

29.60 

29.34 
29.50 
29.36 

29.60 
29.26 

29.67 
29.60 

0,41 

.44 
.44 

.45 

.43 

.48 
.48 

.44 

8.38 

8.49 
8.48 
8.48 

3.46 

3.38 
3.38 

8.61 

6.20 

6.22 
6.21 
6.28 

6.16 

H.  M.  Loomis,  Seattle,  Wash.... 
C.   B.   Morrison,  New  Haven, 

CtftnnA , 

6.17 
6.12 
6.16 

6.26 

1  Total  of  averages. 

*  No.  8  done  by  Josephine  Johnson.    Na  9  by  J.  J.  Wl  tier. 

•  Result  of  titration. 

« Reported  by  J.  P.  Street. 
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Cooperative  results  on  headache  mimtvres — Continued 


No.  8. 

No.  9. 

Analyst 

Chloro- 
form- 
insolable 
residue. 

Cbf. 

Aoet- 

Total. 

AJoo- 
hoL 

Oaf- 
Mn. 

Aoet- 

AnflfH 

Sodium 
saUoylata. 

R.  R.  Sblvely,  Washington,  D.  C. 
H.  L.  Schultc,  Detroit,  Mich 

20.71 
21.07 
20.70 
20.80 
20.66 

13.62 
13.24 
12.86 
12.30 
13.40 

65.61 
65.73 
66.40 
66.30 
66.60 

99.84 
100.04 
99.96 
99.40 
99.66 

29.00 

a45 
.46 
.48 
.47 

3.48 

8.44 
3.44 

5.31 
5.29 
5.20 
5.29 

Avorage 

20.86 

13.06 

66.16 

100.11 

29.40 

.46 

3.45 

5.22 

Maximum 

21.78> 
19.63 

13.80 
11.91 

67.60 
64.50 

29.67 
29.00 

.48 
.43 

3.49 
3.38 

5.31 

MIPllTitUTi . 

5.12 

PHTet^fi<^ 

2.15 

1.80 

3.10 

.67 

.06 

.U 

.19 

20.83 

12.60 

66.67 

30.00 

.45 

3.56 

5.36 

1  No.  8  prepared  by  mixing  In  mortar  and  repeated  silting  of  the  alr-drled  ingredients  in  the  proportion  of: 
Aoetph<4tetidln  80,  sodium  bicarbonate  25,  caneln  15.  No.  9  prepared  by  dissolving  aoetanilid  70.1  granuL 
cafEem  8.78  grams,  sodium  salicylate  105.15  grams,  oil  peppermint  20  drops,  glycerin  10  oc  In  526.3  cc  akohoi 
(95  per  cent),  and  sufficient  water  to  make  2  liters  at  25"  C.  Such  a  mixture  was  calculated  to  yield  a  prep- 
aratlon  containing  alcohol  30  per  oent,  and  aoetanilid  16  gratais,  calSsin  2  grains,  sodium  salicylate  24  grains 
per  fluid  ounce. 

Discussion  of  Results. 

Mr.  Le  Febvre  reports  obserring  on  various  occasions  a  whitish  crsrstalline 
sublimation  on  the  sides  of  dish  used  in  heating  the  acetphenetidin  residue  at 
the  full  temperature  of  steam  bath,  in  order  to  expel  any  excess  of  acetic  an- 
hydrid.  This  behavior  indicates  volatility  of  the  former  substance  when  heated 
unduly  or  for  a  long  period,  and  probably  explains  the  low  values  obtained  by 
used  a  larger  (300  cc)  flask  in  his  operations. 

Mr.  Loomis  finds  great  difficulty  in  distilling  chloroform  from  a  100  cc  Erlen- 
meyer  as  specified  in  the  directions,  since  it  tends  to  suddenly  boil  up  vlol^itly, 
some  of  the  solution  passing  over  into  the  condenser  tube.  He  accordingly 
used  a  larger  (900  cc)  flask  in  his  operations. 

Mr.  Street  reports,  in  connection  with  the  determination  of  sodium  salicylate, 
that  in  an  experiment  with  0.1000  gram  pure  salicylic  acid  he  obtained  0.2500 
gram  of  the  red  iodin  compound,  or,  using  the  factor  0.4012,  an  equivalent  of 
0.1003  gram  of  salicylic  acid. 

The  tabulated  results  on  No.  8  show  a  considerable  range  of  variation,  suffi- 
cient, in  fact,  to  warrant  further  investigation  with  the  same  or  a  similar  com- 
bination. These  variations  are  due  in  part,  doubtless,  to  inexperience ;  partly, 
also,  to  imperfections  in  the  method  itself,  the  exact  nature  of  which  does  not 
at  this  time  appear  entirely  clear. '  It  has  been  known  for  some  time  that 
acetanllid,  when  heated  above  40*  C.  in  the  dry  state,  suffers  appreciable  loss 
through  sublimation ;  accordingly,  it  was  found  advantageous  in  estimating  this 
substance  to  adopt  a  volumetric  method.  On  the  other  hand,  it  was  believed 
until  quite  recently  that  acetphenetidin  could  be  heated  for  a  long  time  at  the 
ordinary  temperature  of  the  steam  or  vapor  bath  without  material  loss.  It 
appears,  however,  that  greater  care  will  have  to  be  exercised  in  all  operations 
calculated  to  free  acetphenetidin  from  the  last  traces  of  acetic  acid  and  an- 
hydrid.  Aside  from  the  apparent  necessity  of  avoiding  any  undue  excess  of  the 
anhydrld  used  in  the  acetylating  process,  it  is  suggested  that  only  moderate 
heat  l>e  applied  after  each  addition  of  the  chloroform-alcohol  mixture.    Thus, 
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after  expelling  the  major  portion  of  acetic  anhydrld  on  a  moderately  heated 
steam  or  vapor  bath,  the  last  traces  will  be  more  safely  removed  by  permitting 
the  evaporating  dish  to  stand  24  to  48  hours  In  the  open  prior  to  weighing,  or 
until  repeated  weighings  Indicate  no  further  loss. 

The  objection  to  the  employment  of  a  100-cc  Erlenmeyer  for  the  distillation 
of  chloroform  containing  a  dissolved  substance  as  caffein  or  acetanilid  is  un- 
doubtedly well  taken,  though  any  violent  ebullition  experienced  by  Mr.  Lioomis, 
and  possibly,  also,  by  others,  can  usually  be  avoided  by  gentle  heat  together 
with  the  presence  of  one  or  more  glass  beads  in  the  distillation  flaslc.  However, 
a  larger  flask  presents  decided  advantages,  in  that  the  rather  numerous  distil- 
lations required  can  be  effected  with  greater  expedition  and  without  fear  that 
any  of  the  dissolved  substances  may  be  carried  over  mechanically  with  the 
chloroform  vapor.  At  present  a  200-cc  Erlenmeyer  is  used  in  the  Bureau  of 
Chemistry,  in  connection 
with  a  spray  trap  substan- 
tially like  the  accompany- 
ing illustration  (fig.  3). 

A  further  change  in  the 
procedure  outlined  under 
caffein  has  been  found 
advantageous.  Instead  of 
two  extractions  with  chlo- 
roform of  80  cc  each,  we 
have  gone  over  definitely 
to  the  alternative  of  three 
extractions  of  60  cc  sol- 
vent, substantially  as  given 
in  footnote  (c),  page  197, 
BuUetin  132.  Suitable  rec- 
ommendations covering  the 
points  involved  have  been 
presented  to  the  associa- 
tion. 

The  values  obtained  on 
No.  9  are  reasonably  close 
in  agreement,  particularly 
80  in  the  case  of  alcohol, 
when    one    considers    the 

opportunity  for  loss  presented  in  the  operation  to  eliminate  essential  oil  from 
the  alcoholic  distillate.  The  flask  and  condenser  used  in  determining  the 
alcohol  are  shown  in  their  relative  dimensions  in  figure  4. 

During  the  course  of  our  Investigations  of  headache  and  other  medicinal 
preparations  new  problems  constantly  arise,  involving,  in  whole  or  part,  the 
methods  already  presented  to  this  association.  More  frequently,  however,  it  is 
found  necessary  to  modify  or  amplify  these  methods  so  as  to  fit  the  i)articular 
combination  under  investigation.  Two  such  problems  I  desire  to  bring  to  your 
attention  at  this  time,  namely,  the  treatment  of  mixtures  containing,  on  the  one 
hand,  codein,  caffein,  and  acetphenetidln ;  on  the  other,  antipyrin  and  acetanilid. 
The  method  followed  In  the  first  case  is  substantially  as  follows : 


Pio.  8. — Spray  trap. 


CODEIN,  CAFFEIN,  AND  ACETPHENETIDIN   MIXTURE. 

Codein. 

Weigh  out  about  0.3500  grams  of  powdered  material  (if  in  pill  or  tablet  form 
at  least  10  of  these  should  be  reduced  to  powder),  transfer  to  a  separatory 
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funnel  by  means  of  10  cc  very  dilute  ciulphurlc  acid  (or  sufficient  to  rendtf 
the  solution  decidedly  acid  after  neutralization  of  any  carbonate  that  may  be 
present),  extract  by  means  of  vigorous  shaking  with  50  cc  of  chloroform.  After 
clearing  draw  off  the  solvent,  allowing  it  to  run  through  a  small  (5.5  cm) 
filter  into  a  200  cc  erlenmeyer.  Distil  off  about  50  cc  chloroform,  using  a  small 
Bunsen  flame.  Extract  a  second  and  third  time  with  same  amount  of  solvent 
as  first  used.  Allow  the  chloroform  from  each  extraction  to  run  into  the 
erlenmeyer,  then  distil  off  all  but  about  10  cc.  Now  add  10  cc  dilute  sulphuric 
acid  (1  volume  concentrated  acid  to  5  of  watery  and  heat  on  steam  bath  until 

the  chloroform  has  disappeared 
and  only  about  5  cc  of  the  acid 
liquid  remains,  then  treat  as 
directed  under  caffein. 

Render  the  acid  liquid  In 
separator  containing  the  codein 
sulphate  neutral  by  the  addition 
of  solid  sodium  bicarbonate, 
wash  out  filter  used  in  the  pre- 
ceding operation  to  clariftr  the 
chloroform,  once  with  water, 
allowing  latter  to  run  into  the 
separator,  then  reextract  three 
separate  times  with  50  cc  chlo- 
roform. CJollect  solvent  as  above 
directed  in  a  second  200  cc 
erlenmeyer,  distilling  off  most 
of  the  liquid  by  the  aid  of  gentle 
heat.  Transfer  residual  chloro- 
form to  a  small  beaker  or  evap- 
orating dish,  using  sufficient 
fresh  chloroform  for  this  pur- 
pose, heat  gently  over  steam 
bath  to  dryness,  cool,  and  weigh 
as  anhydrous  codein. 

Caffein  and  acetphenctidin. 

The  aqueous  acid  solution 
containing  the  caffein  and  phe- 
netidin  sulphate  is  transferred 
to  a  separatory  .  funnel  and 
treated  substantially  as  directed 
under  the  respective  headings 
on  page  198,  Bulletin  132. 


The  procedure   covering 
second  case  is  as  follows : 


the 


Fig.  4. — Alcohol  distillation  apparatus. 


ANTEPYBIN    AND    ACBTANHJD 
MIXTUBE. 

Antipyrin. 

If  in  powder  form  (pills  and 
tablets  should  naturally  be  re- 
duced to  such  condition),  weigh 
out  0.2  to  0.4  gram  in  a  50  cc 
erlenmeyer,  add  10  cc  dilute 
sulphuric  acid  (1  volume  concentrated  acid  to  5  of  water)  and  heat  on  steam 
bach  till  the  residual  liquid  amounts  to  about  5  cc.  Pour  and  rinse  into  a 
separatory  funnel  so  that  final  volume  does  not  exceed  20  cc.  Extract  5  times 
with  chloroform,  using  50  cc  for  each  extraction.  Pass  the  solvent  through 
a  small  (5.5  cm)  dry  filter  into  a  200  cc  erlenmeyer  and  distil  over  a  small 
fiame  down  to  about  10  cc.  Tranfe;^  the  combined  residue  obtained  after  the 
fifth  extraction  by  means  of  small  quantities  of  chloroform  to  a  small  tared 
beaker  or  crystallizing  dish,  evaporate  solvent  at  moderate  heat  and  at  the  ordi- 
nary temperature,  dry  the  residual  antipyrin  In  desiccator  to  constant  weight. 
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AcetanUid, 

Transfer  the  acid  solution  remaining  in  separator  and  containing  the  anilin 
sulphate  to  a  100  cc  erlenmeyer,  heat  on  steam  bath  to  expel  traces  of  chloroform. 
Wash  out  the  filter  used  in  the  preceding  operation  to  clarify  the  solvent,  once 
with  water,  allowing  the  latter  to  run  into  solution  of  anilin  sulphate.  Add 
10  cc  concentrated  hydrochloric  acid,  a  like  amount  of  water,  titrate  with  a 
standard  solution  of  potassium  bromld-bromate,  then  proceed  substantially  as 
directed  on  page  193  under  the  respective  heading  in  Bulletin  132. 

In  the  event  that  the  mixture  of  acetanilld  and  antipyrin  contains  in  addi- 
tion caffein,  sodium  bicarbonate,  starch,  or  sugar,  "a  powdered  sample  should 
be  weighed  out  on  a  tared  filter  and  chloroform  used  to  separate  the  first  three 
mentioned  ingredients.  After  treating  such  a  mixture  of  acetanilld,  antipyrin, 
caffein,  etc,  with  dilute  sulphuric  acid  on  steam  bath  and  subsequently  with 
chloroform,  the  antipyrin  and  caffein  would  be  obtained  together  and  can  later 
be  separated  by  means  of  mercuric  nltrata 

Mixtures  of  antipyrin  and  acetphenetldln  are  treated  in  a  manner  similar 
to  that  for  the  separation  of  antipyrin  and  acetanilld  up  to  the  point  of  ob- 
taining phenetidln  sulphate.  The  acetphenetldln  is  then  regenerated  and 
weighed  as  such,  according  to  directions  given  for  the  analysis  of  acetphenetldln 
headache  mixtures. 


RSPORT  ON  MBDICATBD  SOFT  DRINKS. 
By  H.  G.  FuLLSB,  Asaoeiate  Referee. 

Tem  collaborators  reported  results  on  the  determination  of  solids,  caffein, 
cocain,  and  phosphoric  acid  in  a  soft-drink  sample,  using  the  methods  as  given 
In  Bulletin  137*  page  190,  or  Circular  66,  page  7. 

The  results  were  obtained  on  a  mixture  prepared  according  to  the  following 
formula : 

Grams. 

Water 10,000 

Sugar 10, 000 

Caffein 50 

cc. 

Fluid  extract  coca 200 

Phosphoric  acid 100 

Lime  Juice 100 

Caramel 100 

Flavoring,  consisting  of  the  following 200 

Oil  of  coriander 8 

Oil  nutmeg 15 

Oil  cassia 30 

Alcohol 200 

335470— Bull.  152—12 — ^16 
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The  following  results  were  reported : 

ReatUts  reported  by  coUahorating  chemist8. 


Analyst. 


SottdB. 


Cooaln. 


PboR>borio 
add. 


M.  C.  Albrech,  Pittsburgh,  Pa 

Edmund  Clark,  Boston,  Mass 

E.  O.  Eaton,  Washington,  D.  C. . 
W.  O.  Emery,  Washington,  D.  C. 

D.  F.  Fisher,  Philadelphia,  Pa.... 
H.  C.  Fuller,  Washington,  D.  C. . 


Percent. 
48.08 
44.30 
44.77 
64.1 


Percent. 
0.23 

.ao 


PercenL 

0.002 

.002 


Per 


C.  H.  Kimberly,  Philadelphia,  Pa.. 


C.  B.  Morrison,  New  HaTen,  Conn. 

E.  K.  Nelson,  Wa.5hington,  D.  C. . . 
A.  E.  Paul,  Chicago,  111 


61.30 
62.43 
65.4 


.002 
.0012 
.006 


cetu. 

o.a 

.46 
.48 

.a 


44.4 

48.46 
60.62 
60.00 
63.12 
63.05 
61.01 


.002 

look' 


.48 
.61 
.51 
.61 
.47 
.48 


A.  Seidell,  Washington,  D.  C. 


62.7 
62.4 
49.0 
48.0 


Posltiye. 


.0013 

'.*662< 
.0011 


.64 
.61 

.63 


U.  4  mg  found. 

[As  will  be  seen,  with  the  exception  of  Emery's  figures,  the  results  obtained 
in  the  determination  of  caffeln  agree  Tery  well,  and  those  for  phosphoric  add 
are  also  fairly  concordant  The  results  for  cocaln  show  that  It  Is  doubtful  If 
the  small  quantity  present  can  be  determined  with  absolute  accuracy,  though  in 
proportion  to  the  whole  mixture  the  results  obtained  are  fair.  The  method  for 
determining  total  solids  evidently  needs  revision,  and  the  consensus  of  opinion 
was  that  10  grams  are  sufficient  for  a  sample  Instead  of  25  cc  as  recomm^ded  in 
the  method,  and  the  residue  should  not  be  heated  above  100**  C.  It  is  suggested 
that  this  work  be  continued  during  the  ensuing  year.] 


ESTDfATINO  SMALL  QUANTITIES  OF  MORPHIN  IN  MIZTURBS. 
By  B.  O.  Eaton. 

At  the  last  meeting  the  writer  reported  (Bui.  137,  p.  188)  a  method  for 
estimating  small  quantities  of  morphln  In  mixtures.  During  the  past  year 
this  method  was  tried  on  the  following  samples : 

Powdered  opium:  10.77  per  cent  morphln  IT.  S.  P.  assay. 

Paregoric:  U.  S.  P.  preparations  made  up  with  9  grams  (10.77  per  cent 
U.  S.  P.  assay)  opium  to  2  liters;  100  cc=48.46  mg  morphln. 

Special  airup. 

Sirup  (U.  S.  P.)   (cc) 1.000 

Glycerin  (cc) 100 

Alcohol  (cc) 100 

Morphln  hydrochlorid   (grams) 1.08 

Sodium  bicarbonate  (grams) 0.10 

Oils  of  anise  and  peppermint,  equal  parts  (cc) 0.6 

Water  sufficient  to  make  (cc) 2,000 

100  cc=43.68  mg  morphln. 
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Results  Obtained. 

Powdered  opium. 

Percent 

B.  O.  EatoD 11 

H.  A.  SeU 12.8 

{9.96 
9.72 
10.02 
H.  E.  Buchblnder 10.80 

Paregoric. 

Mg  per  100  cc 

B.  O.  Eaton 48.00 

H.  A.  SeU 51.10 

A.  B.  Stevenaon..- {  JJ  JJ 

H.  B.  Buchblnder 49.20 

Special  sirup. 

Mg  per  100  ec 

B.  O.  Eaton 89.7 

H.  A.  Sell 38.5 

{28.S 
30  9 
H.  E.  Buchblnder 37.8 

Three  workers  obtained  fairly  satisfactory  results  In  the  case  of  the  pare- 
goric and  the  special  sirup.  Stevenson's  results  plainly  show  difficulty  some- 
where. The  results  on  opium  are  unsatisfactory.  The  reasons  for  the  dis- 
crepancies In  the  latter  are  not  plainly  evident 

OOMMElfTS  BT  ANALYSTS. 

S.  A.  SeU:  On  acetylatlng  the  residue  obtained  from  the  powdered  opium 
and  determining  the  morphln,  11.21  per  cait  was  obtained. 

A.  E.  Stevenson:  In  the  assay  of  opium  It  required  about  seven  washings  to 
completely  remove  the  uncomblned  alkaloids  from  the  lime  water  solution. 
In  both  the  paregoric  and  the  opium  It  was  found  that  about  50  per  cait  more 
alcohol-chloroform  mixture  than  directed  was  required  to  extract  the  morphln. 
In  each  case  the  final  residue  was  gummy  and  quite  dark  In  color;  It  was 
difficult  to  dissolve  In  the  fiftieth-normal  add  and  gave  solutions  of  such  color 
that  the  titration  was  finished  with  difficulty. 

H.  E.  Buchbinder:  I  found  from  numerous  ex^rlments  that  the  number  of 
shake  outs  prescribed  both  In  the  first  stage  when  the  lime  water  Is  shaken  out 
and  later  when  the  morphln  Is  extracted  Is  seldom  sufficient  Would  recom- 
mend: 

1.  That  in  both  stages  a  minimum  of  seven  extractions  be  made  and  that  a 
small  part  of  the  last  shake  out  be  tested  for  alkaloida  If  a  reaction  results 
the  extraction  Is  to  be  continued  until  a  negative  test  is  obtained. 

2.  If  the  alcohol-chloroform  shake  out  Is  anything  but  a  very  light  yellow 
it  should  be  washed  with  small  portions  of  water  and  the  water  In  turn  washed 
with  suitable  quantities  of  alcohol-chloroform,  the  latter  to  be  added  to  the 
main  alcohol-chloroform  solution. 

8.  In  place  of  cochineal  as  Indicated  use  methyl  red  (three  drops)  as  in- 
dicator; the  change  In  color  is  very  sharp  and  Is  only  slightly  affected  by  color- 
ing matter.  Moderate  dilution  does  not  affect  the  end  point  to  the  same  extent 
as  when  cochineal  Is  used. 

4.  Before  adding  standard  add  dissolve  in  about  5  cc  of  warm  neutral 
alcohol. 
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Recommendations. 

It  Is  recommended  that  the  method  as  modified  below  be  tried  daring  the 
coming  year.  On  page  180  of  Bulletin  137,  line  13,  of  method  for  opium,  insert, 
''be  sure  to  extract  all  of  the  morphin,  using  more  shake  outs,  with  alcohol 
and  choloroform  if  necessary."  Line  15,  strike  out  word  ** tared"  before 
"beaker"  and  "150  cc  capacity"  after  beaker. 


STANDARD  FOR  TmCTURE  OF  6IN6ER. 
By  L.  F.  Kebleb  and  G.  H.  Kimbeblt. 

The  United  States  Pharmacopoeia,  eighth  reyision,  gives  a  method  for  making 
tincture  of  ginger,  but  does  not  prescribe  a  definite  standard  for  the  finished 
product  Since  all  commercial  yarieties  are  derived  from  the  same  species  and 
the  yariation  in  quality  is  due  entirely  to  different  conditions  of  climate,  8oil« 
cultiyation,  etc.,  the  Pharmacopoeia  places  no  restrictions  whatsoever  ui)on 
ginger  when  it  says  that  ginger  is  the  rhizome  of  Zingiber  offlcinalis  (Roscoe), 
and  it  is  construed  to  mean  that  any  available  ginger  may  be  employed  in 
preparing  the  tincture.  It  is  well  known  that  the  various  gingers  differ  mate- 
rially in  aroma  and  pungency.  These  points  are,  however,  not  considered  In 
this  study. 

Pbeuminabt  Examinations. 

The  names  "  tincture  of  ginger  "  and  "  extract  of  ginger  "  are  frequently  used 
interchangeably.  An  examination  of  a  number  of  these  products  available  on 
the  market  gave  the  following  results : 

Analytical  data  on  ginger  extracts  and  tinctures. 


Artm- 

No. 

AloohoL 

Besldoe. 

A8b. 

Capdeom. 

dally 
colored. 

Percent, 

Percent, 

Percent, 

6.63 

1.27 

0.28 

Present... 

Yes. 

66.76 

.70 

.16 

...do 

No. 

87.00 

2.86 

.096 

...do 

Yes. 

90.00 

1.22 

1.021 

None 

No. 

10.00 

6.40 

.0^ 

TTBoe 

Yes. 

24.00 

3.30 

.009 

None 

Yes. 

70.80 

3.84 

.009 

None 

No. 

The  alcohol  was  determined  by  three  methods,  as  follows : 
(1)  Dilute  to  three  times  the  original  volume  and  distil  two  volumes;  deter- 
mine specific  gravity  at  25^  C.  (2)  Dilute  to  three  volumes  with  saturated 
salt  solution,  shake  out  with  petrolic  ether,  boiling  point  not  above  OO""  C, 
discard  the  petrolic  ether  and  distil  two  volumes ;  determine  specific  gravity  at 
25^  C*  (3)  Add  10  cc  of  water  and  distil  carefully  to  original  volume.  Method 
2  is  by  far  the  best. 

In  some  instances  it  was  clearly  indicated  that  the  product  was  intended  for 
medicinal  purposes,  but  it  was  rarely  stated  that  the  article  deviated  from  one 
prepared  by  the  Pharmacopoeial  process.  The  results  also  show  that  a  number 
of  the  preparations  contain  capsicum  and  are  artificially  colored.  The  amount 
of  alcohol  contained  in  Nos.  8  and  4  indicated  that  these  samples  were  made 
with  alcohol  of  proper  strength  and  in  accordance  with  the  PharmacopcBlal 
process,  but  the  large  amount  of  nonvolatile  matter  in  No.  3  and  the  high 
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per  cent  of  ash  In  No.  4,  together  with  the  fact  that  No.  8  was  artificially 
colored  and  contained  capsicum  raised  the  question  as  to  a  specific  standard 
for  Judging  the  quality  y>t  tincture  of  ginger.  Apparently  other  worlcers  have 
been  in  doubt  as  to  constants  for  extract  and  tincture  of  ginger.  Their  work 
deals,  however,  more  with  ginger  extract* 

A  number  of  samples  of  the  tincture,  representing  the  most  prominent  manu- 
facturers, were  then  purchased  and  examined.  There  were  also  prepared  in 
the  laboratory  according  to  the  Pharmacopcelal  process  two  samples  of  tincture, 
one  made  with  African  ginger  (No.  8)  and  the  other  with  Jamaica  ginger 
(No.  7).     An  examination  of  these  samples  gave  the  following  results: 

Ewamination  of  commercial  and  laboratory  tinctures  of  ginger. 


No. 

Specific 
gravity 
at  25*  C. 

Alcohol 
claimed. 

Alcohol 
found. 

Non- 
volatile 
matter. 

Ash. 

Percent, 

Percent. 

Percent, 

Percent. 

1 

a8220 

94 

90 

L26 

a  0075 

2 

.8201 

90 

90 

L12 

.0066 

3 

.8144 

95 

91 

1.26 

.0068 

4 

.8184 

88 

90 

L60 

.0074 

5 

.8271 

9L2 

87 

L27 

.0049 

6 

.8210 

89 

89.6 

L69 

.0145 

»7 

.8140 

U.  8.  P. 

92 

L28 

.0069 

18 

.8142 

U.  B.  P. 

9a5 

L36 

.0062 

1  Made  in  laboratory. 

Collection  of  Powdered  Ginger  Samples  and  Determination  of  Degree  of 

Fineness. 

The  results  obtained  were  still  considered  too  meager  to  warrant  the  deduc- 
tion of  any  definite  standards  for  tincture  of  ginger.  Arrangements  were  then 
made  to  procure  samples  of  powdered  ginger  prepared  from  the  various  commer- 
cial varieties.  As  far  as  it  was  possible  a  sample  of  the  whole  rhizome  from 
which  the  powdered  gingers  were  prepared  was  also  obtained.  The  uses  to  which 
ginger  is  put  seem  to  demand  different  degrees  of  fineness;  the  condlmental 
ginger  being  ground  comparatively  fine,  while  that  used  for  Pharmacopcelal 
purposes  is  usually  coarsely  ground,  in  fact,  much  coarser  than  Is  prescribed 
by  the  United  States  Pharmacopoeia,  eighth  edition,  which  calls  for  a  No.  60 
powder.  The  degrees  of  fineness  to  which  the  samples  obtained  were  ground 
were  claimed  to  give  the  greatest  satisfaction  to  drug  firms  who  used  them. 
Samples  of  the  following  varieties  of  ginger  rhizome  together  with  the  powdered 
ginger  or  the  ground  ginger  prepared  therefrom  were  procured: 

1.  African  ginger, — ^Unpeeled ;  dark  brown  color ;  fracture  discolored  In  spots ; 
odor  good;  taste  sharp  and  pungent;  rhizome  small  but  of  fair  quality;  the 
powder  darker,  finer,  and  more  fibrous  than  sample  No.  5,  but  lighter  and 
coarser  than  No.  2. 

2.  Jamaica  ginger, — ^Peeled,  washed,  and  well  dried;  light  yellow  in  color; 
brittle  mealy  fracture;  odor  slightly  starchy;  taste  pungent  Powder  derived 
from  the  above  Is  quite  fibrous,  light  colored,  aromatic,  and  pungent 

3.  Cochin  gingei', — Unpeeled,  dark,  earthy  appearing,  with  some  soil  attached, 
some  rhizomes  brittle,  others  tough ;  odor  and  taste  correct ;  fiber  showing  in 
fracture.  Powdered  sample  from  above  presents  a  very  good  appearance  with 
but  Uttle  fiber  showing ;  color  straw  amber ;  quite  finely  ground ;  odor  and  taste 
good. 

4.  Jam^Uca  ginger. — ^Peeled  rhizomes  larger  and  darker  colored  than  Jamaica 
No.  2;  apparently  but  little  washed;  very  brittle  In  fracture;  quite  mealy; 

^  Street  and  Morrison,  U.  S.  Dept.  Agr.,  Bureau  of  ChemlBtry  Bol.  187,  p.  76 ;  Lythgoe 
and  Nurenberg,  J.  Ind.  Eng.  Chem.,  1911,  t&910. 
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odor  cereal-like  or  starchy;   taste  aromatic  and  pungait;   powder  light  in 
color,  finely  ground ;  color,  odor,  and  taste  good. 

6.  African  ginger, — Unpeeled;  very  dark;  roughly  wrinkled,  and  rhizomes 
bony  and  coarse;  fracture  brittle,  mealy;  odor  strong;  usual  pungent  taste. 
Powder  medium  fine ;  color  brown,  not  different  from  usual. 

6.  Jamaica  ginger. — Peeled,  washed ;  very  light  yellow ;  quite  large  rhizomes ; 
odor  like  cereal ;  taste  normal ;  finely  ground ;  taste,  color,  and  odor  normal. 

7.  Calcutta  ginger. — Very  coarse ;  dark  brown ;  almost  black  in  places  where 
cortex  had  been  removed.  Internally  light  brownish  yellow;  brittle;  mealy, 
and  showing  bundles  of  fiber;  odor  and  taste  natural  but  weak.  Ground 
sample  quite  dark  and  coarse,  odor  and  taste  normal. 

8.  Calcutta  ginger.— Co&ree ;  unpeeled;  dirty,  and  more  or  less  wormy;  dark 
grayish  brown.  Sample  powdered  produced  a  dark  powder  quite  finely  ground, 
showing  few  fibers. 

9  and  10.  Cochin  ginger. — Large ;  partially  peeled  rhizomes ;  very  light  yellow ; 
some  pieces  darker;  fracture  brittle;  odor  and  taste  strong  but  natural.  (9) 
Ground;  represents  practically  No.  20  powder,  being  granulated  about  the  size 
of  ground  coffee.  This  sample  was  also  screened  during  grinding  in  order  to 
remove  dust  and  dirt;  (10)  finely  ground  for  condiment  purposes;  light  color; 
some  fiber  showing,  odor  and  taste  normal. 

11  and  12.  African  ginger. — Dark  brown,  but  lighter  than  African  No.  1; 
unpeeled,  except  in  spots;  fracture  brittle;  odor  and  taste  normal.  (11) 
Ground  to  No.  20  fineness  with  its  characteristics;  (12)  finely  ground;  brown- 
ish ;  dry ;  odor  and  taste  acrid  pungent 

18  and  14.  Japanese  ginger. — Decorticated ;  washed  and '  limed,  but  not 
heavily;  rhizome  small;  odor  good,  aromatic.  (13)  CJoarsely  ground.  No.  20. 
(14)  Finely  ground;  trifie  darker  than  Jamaica,  less  fiber;  odor  and  taste 
normal. 

15  and  16.  Jamaica  ginger. — ^Peeled,  washed,  very  light  in  color;  small 
rhizome;  odor  and  taste  normal  but  strong;  some  dark  rhizomes;  fracture 
brittle;  fibrous;  odor  and  taste  good.  (15)  Ground  coarse.  No.  20;  (16) 
finely  ground,  showing  less  fiber;  color  light  yellow;  odor  and  taste  normal 

17  and  18.  Calcutta  ginger. — Dark  color;  cortex  coarse,  thick;  some  soil 
attached.  (17)  Ground  about  No.  20,  and  screened  during  grinding;  (18) 
ground  very  fine  for  condimental  purposes,  not  screened.  All  samples  ground 
to  No.  20  were  screened  in  grinding  so  that  some  of  the  earthy  matter  was 
removed.    The  more  finely  ground  samples  were  not  screened. 

In  order  to  determine  the  degree  of  fineness,  samples  were  sifted  through 
wire  mesh  sieves  of  standard  size,  using  150  grams  in  each  case  with  the 
following  results : 

Determination  of  degree  of  fineness,  using  ISO-gram  samples. 


No. 

50  mesh. 

40  mesh. 

30  mesh. 

20  mesh. 

10  mesh. 

Residoe.'  Remarks. 

1 

Gramt. 
62 
80 
28 
62 
82 
71 
45 
112 

12 
30 

Gnms. 
62 
81 
86 
62 
82 
21 
22 
38 

Gnms. 
86 
27 
85 
35 
26 
25 
30 

Grams. 
11 
31 
27 
11 
10 
24 
53 

Grams. 

Grams. 

Pibrons. 

2 

30 
29 

Fibrous. 

3 

Fibrous. 

4. 

5 

6 

9 
Trace. 

Few  fibers. 

7 

Trace  fiber. 

8 

Very     finely 
ground. 

»i 

45 

30 

63 

"t^." 

10* 

120 

1  Nos.  11, 13, 15,  and  17  were  gromid  and  sieved  in  same  manner  as  No.  9. 
s  Nos.  12, 14, 16,  and  18  were  ground  in  same  manner  as  No.  10. 

These  results  clearly  show  that  there  is  little  powdered  ginger  supplied  which 
complies  with  the  degree  of  fineness  prescribed  by  the  Pharmacopoeia  (No.  50). 
What  bearing  this  may  have  upon  the  finished  product  will  be  considered  in 
connection  with  the  results  obtained  in  the  examination  of  the  tinctures  made 
from  the  various  samples. 
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Examination  of  Powdered  Samples.  « 

In  order  to  determine  whether  or  not  the  samples  complied  In  quality  with 
the  standards  set  for  ginger  bj  the  committee  on  food  standards  (U.  S.  Dept. 
Agr.,  Office  of  Secretary,  Cir.  19),  it  was  decided  to  examine  each  sample  by  the 
official  methods  published  in  Bulletin  107,  Revised.  Wherever  deviations  from 
these  methods  were  made,  the  t&ct  is  clearly  indicated.  A  convenient  quantity 
in  the  condition  in  which  it  was  obtained  was  burned  free  from  carbon,  using 
as  low  a  temperature  as  possible.  The  ash  was  boiled  with  25  cc  of  10  per  cent 
hydrochloric  acid,  specific  gravity  1.050,  for  five  minutes,  the  insoluble  material 
was  collected  in  a  Gooch  crucible,  washed  with  hot  water,  ignited,  and  weighed. 
The  iron  and  aluminum  were  precipitated  by  ammonium  hydroxid,  and  the 
quantity  merely  noted  by  comparison.  The  filtrate  left  after  removing  the. 
above  was  heated  to  50**  C,  rendered  acid,  if  not  acid,  with  acetic  acid,  and 
ammonium  oxalate  added.  The  calcium  oxalate  was  filtered,  washed,  ignited, 
and  then  blasted  to  convert  it  into  calciiim  oxid,  and  weighed. 

The  cold  water  extractive  was  determined  by  placing  4  grams  in  a  200  cc 
flask;  water  added  to  the  mark,  shaken  at  intervals  of  half  an  hour  during 
eight  hours*  time,  and  allowed  to  stand  16  hours  without  shaking;  50  cc  of 
the  resulting  fluid  were  transferred  to  a  flat-bottomed  dish  and  dried  to  constant 
weight  at  100^  C.  The  vacuum  was  not  available,  but  a  definite  temperature  on 
the  water  bath  was  maintained.  The  ether  extract  was  determined  by  using 
anhydrous  ether  in  a  continuous  extraction  apparatus ;  extraction  was  continued 
20  hours.    The  results  obtained  are  given  in  the  following  table : 

Analysis  of  the  18  powdered  samples. 


No. 

Ash. 

Insolu- 
ble. 

Idzne. 

Water 
extract. 

Staich. 

Crude 
fiber. 

Ether 
extract. 

Aluml- 

nam  + 

Iron. 

Bemarks. 

1 

2 

S 

4 

6 

6 

7 

&84 
&06 
6.66 
8.64 
6.14 
4.00 
7.34 
g.79 
&83 
6.39 
6.28 
6.46 
&31 
6.05 
3.41 
8.02 
6.85 
7.18 
6,0 
10.0 

aoi 

.43 
.70 
.48 
.44 
.40 
8.08 
8.65 
.83 

lS 

L28 
.58 
.64 
.32 
.28 
1.04 
2.06 
3.0 

a22 
.28 
.24 
.23 
.16 
.14 
.15 
.25 
.34 
.82 
.10 
.11 
.88 

L56 
.14 
.14 
.06 
.15 

1.00 

4.00 

U.84 
15.42 
14.34 
12.61 
13.37 
13.75 
U.01 
14.31 
11.06 
15.97 
10.73 
12.50 
11.42 
13.57 
12.22 
14.20 
10.57 
12.87 

43.28 
47.43 
42.07 
60.30 
43.83 
57.80 
39.15 
32.12 
51.23 
54.45 
45.18 
51.39 
51.39 
55.08 
55.44 
57.78 
34.12 
32.02 
42.00 
42.00 

7.60 
5.95 
7.56 
4.89 
6.80 
3.37 
5.14 
7.02 
6.91 
4.50 
3.90 
7.16 
6.40 
3.80 
3.72 
2.72 
7.90 
6.45 
8.00 
8.00 

&36 
5.83 
&31 
4.32 
7.30 
4.20 
4.90 
8.11 
7.52 
6.57 
6.37 
7.49 
4.57 
6.26 
3.25 
4.62 
8.88 
6.79 

Trace... 
...do 

Traoe'.'.l 

Tnioe... 

African. 

Jamaica. 

Cochin. 

Jamaica. 

African. 

Jamaica. 

Calcutta. 

8     . 

Do. 

0 

10 

U 

12 

13 

14 

15 

16 

Cochin. 

Trace... 
Trace... 
Trace... 

Do. 
African. 

Do. 
JapttDfise. 

Do. 
Jamaica. 
Calcutta. 

17 

Do. 

18 

Do. 

Standard. 

Limed. 

The  Calcutta  ginger  and  one  Ck)chin  ginger  run  high  in  ash.  The  others 
are  all  within  the  limits  of  the  standard.  The  Calcutta  ginger  has  an  excess 
of  insoluble  ash.  The  lime  content  of  one  sample  of  Japanese  ginger  was  high 
but  considerably  below  the  limit  allowed  for  limed  ginger.  All  samples  were 
within  the  limits  prescribed  for  crude  fiber  and  starch,  excepting  the  Calcuttas. 

TlNCTCBXS    PBEPABED    FROM    POWDEBED    SAMPLES. 

Tinctures  were  next  pr^;>ared  from  these  samples  in  accordance  with  the 
Pharmacopoeial  instructions,  and  their  characteristics  observed  after  standing 
six  months.    The  reason  for  making  the  observatioiis  at  the  end  of  six  months 
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•  is  that  during  this  time  the  physical  characteristics  of  many  galenical  prepara- 
tions change  materially.  Tincture  of  ginger,  however,  is  not  apt  to  change  very 
much.  The  points  taken  into  consideration  were  sediment,  color,  spedflc 
gravity,  residue,  nonvolatile  matter,  and  ash.  The  constants  were  determined 
In  the  usual  manner.  Color,  however,  was  made  a  comparative  determination 
hy  the  use  of  a  colorimeter,  one  of  the  samples  of  medium  color  being  taken  as 
a  standard,  and  a  length  of  column  equal  to  20  mm  used.  The  numbers  opix>- 
site  the  color  in  the  table,  therefore,  represent  the  length  of  column  of  that 
sample  which  gave  approximately  the  same  color  as  the  sample  used  as  a 
standard. 

Tinciures  from  powdered  samples  examined  after  standing  for  6  montJis, 


No. 

Non- 
volatile. 

Ash. 

Sediment. 

Color. 

Specific 
gravity. 

1 

Broken.... 

? 

1.40 
1.89 

0.0055 
.0060 

None 

...do 

Red-C8 

0  8128 

3 

Red-27 

.8147 

4 

^ 

l.fO 
1.13 
1.04 

.OOCO 
.0012 
.0030 

None 

...do 

...do 

Dark-8 

.8128 

A 

Ll'-ht-C2 

8133 

7 

Dark-18 

.8116 

g 

g 

1.44 
1.19 
1.29 
1.82 

.99 
1.75 

.89 
1.40 

.90 
1.31 

.0030 
.0080 
.0050 
.0050 
.0100 
.OICO 
.0040 
.OOGO 
.0012 
•.0012 

None 

...do 

...do 

...do 

...do 

SUcht 

Noneil.'I!' 

...do 

...do 

Medlum-20 

.8157 

10 

Darker-14 

8130 

11 

Deep  red-10 

.8133 

1? 

DeeDied-16 

8147 

13 

Amber  ied-4G 

8131 

14 

Deep  red-18 

.8145 

I") 

Vorv  ll-ht-59 

.8125 

16 

Red  browD-34 

.8132 

17 

Hod  trown-29 

81^ 

1H 

Red  brown-17 

.8134 

These  results  corroborate  the  observations  already  made,  namely,  that  the 
Calcutta  and  Japanese  gingers  are  not  suited  for  the  manufacture  of  tincture  of 
ginger.  The  degrees  of  fineness  within  the  limits  used  in  these  investigations 
do  not  materially  influence  the  amount  of  nonvolatile  matter  abstracted.  These 
results  clearly  show  that  a  good  tincture  of  ginger  should  comply  with  the 
following  requirements:  Specific  gravity  at  25*  C.  not  above  0.8270;  alcohol, 
by  volume,  not  less  than  90  per  cent;  nonvolatile  matter  from  1.25  to  1.75 
per  cent  The  figures  clearly  show  that  tincture  of  ginger  made  from  Calcutta 
and  Japanese  gingers  is  of  an  inferior  character.  The  tinctures  made  from 
Nos.  6  and  10  also  contain  a  little  less  nonvolatile  matter  than  the  mean,  but 
this  is  not  sufficient  to  warrant  more  than  a  casual  comment 

NOTE  ON  ASSAY  OF  NITROOLTCERIN  TABLETS. 
By  A.  G.  MuBBAY. 

The  methods  which  have  been  proposed  for  the  determination  of  nitroglycerin 
are  (1)  the  nitrometer  method;  (2)  direct  weighing  of  the  ether  extract;  (3) 
saponification,  and  (4)  the  colorimetric  method  proposed  by  W.  A.  ScoviUe,* 
which  is  an  adaptation  of  the  well  known  method  for  nitrates  in  water  analysis. 

The  nitrometer  method  is  not  well  adapted  to  the  estimation  of  nitroglycerin 
in  medicinal  tablets,  on  account  of  the  small  quantity  present  and  the  difficulty 
of  introducing  it  quantitatively,  and  free  from  objectionable  extraneous  matter, 
into  the  nitrometer. 

lAmer.  J.  Pharm.,  1911,  88:369. 
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Weighing  fhe  ether  extract,  where  proper  precautions  to  prevent  loss  are 
observed,  yields  entirely  satisfactory  results,  provided,  of  course,  the  sample 
contains  no  other  ether-soluble  materlaL 

Discussing  the  saponification  method,  Scovllle  calls  attention  to  the  dlscor* 
dant  results  recorded  in  the  literature  by  RiceS  Hay',  and  Beryl  and  Delpy', 
and  adds :  **  One  has  only  to  try  the  process,  varying  the  conditions  of  heating, 
the  time  of  standing,  and  the  temperature,  to  become  convinced  that  the  results 
are  of  no  value.  Indeed,  one  is  surprised  to  note  how  much  variation  In  results 
is  induced  by  slight  variations  in  the  process/* 

The  differences  in  the  results  recorded  by  the  authors  mentioned  are  easily 
explained.  Bice,  who  claimed  that  3  molecules  of  potassium  hydroxid  are  re- 
quired to  decompose  1  molecule  of  nitroglycerin,  examined  two  conmaercial  10 
per  cent  solutions^  obtaining  by  his  method  14.46,  and  13.76  per  cent  respectively, 
and  for  six  commercial  1  per  cent  samples  he  ob  alned  results  ranging  from 
1.18  to  1.81  per  cent.  He  then  diluted  one  of  the  10  per  cent  samples  so  that, 
according  to  his  analysis,  it  would  contain  1  per  cent  Duplicate  analyses  of 
this  product  by  the  same  method  of  analysis  gave  0.002  and  1.013  per  cent, 
"  which  figures  "  the  author  concluded  "  prove  the  reliability  of  the  method." 
There  is  no  indication  that  the  method  was  tried  on  a  sample  of  known  nitro- 
glycerin content  Further  consideration  of  this  method  is,  therefore,  unnec- 
essary. The  apparently  high  results  obtained.  If  of  any  value,  tend  to  prove 
that  considerably  more  than  8  molecules  of  caustic  potash  are  required  to 
saponi^r  1  molecule  of  nitroglycerin. 

Beryl  and  Delpy,  who  state  that  each  molecule  of  nitroglycerin  requires  6 
molecules  of  potassium  hydroxid,  record  only  one  experiment  which  they  de- 
scribe as  follows:  "Each  5  cc  glycerin  trinitrate  was  diluted  with  absolute 
ethyl  alcohol  to  100  cc,  cooled  to  4*  and  ♦  ♦  ♦  slowly  added  to  100  cc 
alcoholic  potash  (10.5  grams  potassium  hydroxid  in  100  cc  00  per  cent  alcohol). 
For  each  molecule  of  glycerin  trinitrate  there  are  about  six  molecules  potassium 
hydroxid." 

Considering  the  specific  gravity  of  nitroglycerin  to  be  1.6  (Perkln,  J.  Chem. 
Soc.,  1880,  55:685),  and  assuming  that  the  potassium  hydroxid  used  was  100 
p«r  cent,  the  quantities  used  would  represent  1  molecule  nitroglycerin  to  5.3 
molecules  potassium  hydroxid,  while  If  It  is  assumed  that  the  alkali  was  85 
per  cent,  which  is  about  the  content  of  the  grade  usually  found  on  the  market 
for  analytical  purposes,  the  ratio  of  nitroglycerin  to  hydroxid  is  about  1  to 
4.5.  In  view  of  what  follows,  it  will  be  seen  that  there  was  not  an  excess  of 
alkali,  as  stated  by  Berl  and  Delpy,  and  this  Is  a  possible  explanation  of  the 
presence  of  glycerin  dlnitrate  and  unchanged  trinitrate  found  in  the  reaction 
products 

The  exi)erlments  of  Hay  were  for  the  purpose  of  determining  the  nitrite 
produced  by  the  saponification  of  nitroglycerin.  The  results  of  many  experi- 
ments caiTied  out  under  varying  conditions  show  conclusively  that  the  pro- 
portion of  nitrite  produced  is  sufflciently  constant  and  independent  of  minor 
variations  In  the  conditions  to  warrant  the  use  of  the  method  for  quantitative 
estimationa  Experiments  are  recorded  by  Hay  in  which  the  conditions  varied 
from  an  excess  of  alkali  to  an  excess  of  nitroglycerin,  and  from  boiling  the 
alcoholic  solution  on  the  steam  bath  for  30  minutes  to  saponifjring  in  the 
cold  for  2  minutes.  The  yield  of  nitrite  varied  wi.hin  narrow  limita  Hay 
showed  that  approximately  5  molecules  of  potassium  hydroxid  are  necessary  to 
saponify  1  molecule  of  nitroglycerin. 

^  Amer.  DrugglBt,  1805,  t7 1  6. 

'  Trans.  Royal  Soc.  Edlnbargli,  1885,  82 1  67. 

•Ber.  d.  chem.  Geo.,  1910,  48 1 1421. 
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The  method  of  estimation  proposed  by  Hay  depends  on  the  determination  of 
the  nitrite  produced  by  saponification,  not  on  a  titration  with  standard  alcoholic 
potash  and  standard  acid.  Since  small  amounts  of  nitrous  acid  can  be  readily 
and  accurately  estimated,  Hay's  method  is  well  adapted  to  the  estimation  of 
small  quantities  of  nitroglycerin. 

Scoville  proposes  to  estimate  nitroglycerin  in  tablets  by  evaporating  the 
alcoholic  extract,  treating  the  residue  with  phenoldisulphoo^c  acid,  and  de- 
termining the  nitrate  colorimetrically.  The  method  is  simple  and  gives  ex- 
cellent results.  The  substitution  of  ether  for  alcohol  as  a  solv^it  improves 
the  method.  Ether  can  be  rapidly  evaporated  in  a  vacuum.  The  temperature 
falls  below  zero,  thus  preventing  any  volatilization  of  the  nitroglycerin  with 
the  ether.  Ether  does  not  dissolve  any  of  the  sugar  usually  present  in  the 
tablets,  which  is  a  decided  advantage  over  alcohol,  as  the  action  of  the  sulphonic 
acid  reagent  on  sugar  is  apt  to  produce  a  coloration  which  interferes  with  the 
accuracy  of  the  test.  Ethereal  solutions  do  not  require  filtering,  since  the  in- 
soluble material  settles  very  rapidly  and  the  supernatant  clear  solution  can  be 
drawn  off  with  a  pipette.  With  alcohol  the  insoluble  matter  settles  much  more 
slowly.  Sodium  nitrate,  which  might  be  present  as  a  decomxwsition  product 
of  nitroglycerin  or  as  an  accidental  impurity,  is  insoluble  in  ether,  but  is 
soluble  in  alcohol  and  would  be  estimated  as  nitroglycerin. 

There  are,  then,  two  methods  suitable  for  the  estimation  of  minute  quantities 
of  nitroglycerin.  The  w^ght  of  the  ether  extract  and  the  determination  of 
total  nitrogen  by  the  modified  Gunning  method  frequoitly  give  additional  use- 
ful information.  The  following  outline  is  suggested  as  a  convaiient  procedure 
iQ  the  analysis  of  nitroglycerin  tablets : 

Crush  25  tablets  under  10  cc  ether.  A  25  cc  cylindrical  graduate  makes  a 
convenient  container  for  the  purpose.  Decant  the  ether  into  a  50  cc  graduated 
flask  and  wash  the  residue  repeatedly  with  5  cc  portions  of  ether,  finally 
making  the  solution  up  to  the  mark.  It  is  immaterial  if  a  little  of  the 
Insoluble  matter  gets  into  the  flask.  Mix  the  solution  thoroughly,  allow  any 
insoluble  matter  to  settle,  and  carefully  remove  20  cc  of  the  clear  solution 
with  a  pipette  and  place  in  a  small  tared  dish  or  beaker.  Place  the  beaker  in 
a  vacuum  desiccator.  With  a  good  vacuum  the  evaporation  will  require  only 
an  hour  or  two.  Weigh  the  residue.  Treat  with  2  cc  of  phenoldisulphonic  acid 
reagent^  and  after  5  to  10  minutes  dilute,  wash  into  a  100  cc  graduated  flask, 
dilute  to  the  mark,  mix  well,  withdraw  10  cc  representing  1  tablet,  dilute 
nearly  to  100  cc,  neutralize  with  a  few  drops  potassium  hydroxid  solution,  and 
complete  the  volume  to  100  cc.  Compare  the  color  with  that  produced  by  a 
standard  nitrate  solution  similarly  treated.  Nitroglycerin  is  calculated  by 
multiplying  the  nitrogen  by  5.4. 

To  5  cc  of  the  ethereal  solution  add  5  cc  of  0.5  per  cent  alcoholic  potassium 
hydroxid,  place  on  steam  bath  and  allow  most  of  the  alcohol  to  boil  off,  add 
water  and  leave  on  the  bath  until  the  odor  of  alcohol  is  no  longer  perce^ptible. 
Dilute  to  250  cc.  Mix  and  place  an  aliquot  representing  0.02  to  0.04  mg  of 
nitroglycerin  in  a  100  cc  graduated  flask,  add  about  50  cc  of  water,  1  drop  of 
concentrated  hydrochloric  acid,  2  cc  of  1  per  cent  sulphanllic  acid  solution  and 
2  cc  of  0.5  per  cent  naphthylamin  hydrochlorid  solution.  Dilute  to  100  cc  and 
after  80  minutes  compare  the  color  with  standard  nitrite  solutions  similarly 
treated.    Nitroglycerin  is  calculated  by  multiplying  nitrite  nitrogen  found  by  8. 

The  association  adjourned. 

^Details  of  the  preparation  of  this  reagent  as  glyen  by  Chamot,  Pratt,  and  Bedfleld, 
J.  Amer.  Chem.  Soc.,  1911,  99 :  S82,  may  be  followed. 
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Dairy  products:  E.  M.  Bailey,  New  Haven,  Conn. 
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Medicinal  plants  and  drugs:  L.  F.  Kebler,  Washington,  D.  C. 
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Vegetable  proteids:  T.  B.  0*ome,  New  Haven,  Conn. 
Potash: 

Determination :  W.  B.  Tottingham,  Madison,  Wis. 
■  Availability:  E.  E.  Vanatta,  Columbia,  Mo. 
Soils:  J.  H.  Pettit,  Urbana,  111. 
Dairy  products:  L.  I.  Nurenberg,  Boston,  Mas& 
Foods  and  feeding  stuffs:  C.  S.  Cathcart,  New  Brunswick,  N,  J. 
Food  adulteration: 

Colors :  W.  E.  Mathewson,  New  York,  N.  T. 

Saccharine  products :  J.  R.  Chittick,  Des  Moines,  Iowa. 

Fruit  products :  H.  C.  Gore,  Washington,  D.  C. 

Wine:  E.  J.  Lea,  Berkeley,  Cal. 

Beer:  Julius  Hortvet,  St  Paul,  Minn.     ' 
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Food  adulteration — Continued. 

Distilled  liquors :  J.  O.  La  Bach,  Lexington,  Ky. 

Vinegar :  W.  A.  Bender,  New  York,  N.  Y. 

Flavoring  extracts :  R.  S.  Hiltner,  Denver,  Colo. 

Spices:  R.  W.  Hilts,  Philadelphia,  Pa. 

Baking  powder:  Edmund  Clark,  Boston,  Mass. 

Meat  and  fish :  W.  B.  Smith,  Kansas  City,  Mo. 

Fats  and  oils:  H.  S.  Bailey,  Washington,  D.  C. 

Dairy  products:  A.  E.  Paul,  Chicago,  IlL 

Cereal  products:  H,  L,  White,  Agricultural  College,  N.  Dak. 

Vegetables :  J.  P.  Street,  New  Haven,  Conn. 

Condiments  other  than  spices :  W.  J.  McGee,  New  Orleans,  La. 

Cocoa  and  cocoa  products :  W.  L.  Dubois,  Buffalo,  N.  Y. 

Tea  and  coffee:  M.  E.  Jaffa,  Berkeley,  CaL 

Preservatives:  H.  E.  Barnard,  Indianapolis,  Ind. 

Water  in  foods :  H.  C.  Lythgoe,  Boston,  Mass. 

Organic  and  inorganic  phosphorus  in  foods:  B.  B.  Forbes,  Wooster,  Ohio. 

Heavy  metals  in  foods :  H.  M.  Loomis,  Seattle,  Wash. 
Sugar:  M.  N.  Strauglm,  Washington,  D.  C. 
Insecticides:  I(.  C.  Roark,  Washington,  D.  C. 
Medicinal  plants  and  drugs: 

Synthetic  products :  W.  O.  Emery,  Washington,  D.  C. 

Medicated  soft  drinks :  G.  W.  Hoover,  Washington,  D.  C. 

Medicinal  plants:  A.*  E.  Ruddiman,  Nashville,  Tenn.,  and  H.  H.  Rusby. 
New  York,  N.  Y. 
Water:  G.  B.  Colby,  Berkeley,  Cal. 
Tannin:  C.  B.  Bacon,  Washington,  D.  C. 
Inorganic  plant  constituents:  B.  R  Curry,  Durham,  N.  H. 
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L.  L.  Van  Slyke,  Geneva,  N.  Y.,  chairman. 

B.  B.  Ross,  Auburn,  Ala. 
William  Frear,  State  College,  Pa. 

Appropriation: 

John  Phillips  Street,  New  Haven,  Conn.,  chairman. 
R.  J.  Davidson,  Blacksburg,  Va. 
H.  E.  Barnard,  Indianapolis,  Ind. 

AvaUabUity  of  phosphoric  acid  in  basic  slag: 

C.  B.  Williams,  West  Raleigh,  N.  C,  chairman. 
C.  G.  Hopkins,  Urbana,  IlL 

H.  D.  Haskins,  Amherst,  Mass. 
John  S.  Burd,  Berkeley,  Cal. 
B.  L.  Hartwell,  Kingston,  R.  I. 

Food  standards: 

William  Frear,  State  College,  Pa.,  chairman. 
H.  W.  Wiley,  Washington,  D.  C. 
H.  A.  Weber,  Columbus,  Ohio. 
M.  A.  Scovell,  Lexington,  Ky. 
E.  H.  Jenkins,  New  Haven,  Conn. 
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Presmiaiion  of  the  qvestion  of  unification  of  terms  to  the  IntematUmal  Oongress 

of  Applied  Chemistry: 

Bm  J.  Dayldson,  Blacksburg,  Va^  chairmaiL 

O.  G.  Hopkins,  Urbana,  IlL 

W.  D.  Bigelow,  Washington,  D.  C. 
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J.  T.  Willard,  Manhattan,  Kansi 
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[Figures  in  parentheste  refer  to  year  In  which  appointment  expires.] 

A.  L.  WiNTON,  chairman. 

SxTBOOMMiTTEB  A:  W.  W.  Skinner  (1916),  B.  B.  Boss  (1914),  J,  P.  Street  (1912), 

chairman.  Agricultural  Bwperiment  Station,  New  Haven,  Conn. 
SuBOOMMiTTEE  B :  H.  B.  Bamard  (1916),  B.  M.  Chace  il9U),  chairman.  Bureau 
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(L.  F.  Kebler,  Washington,  D.  C,  chairman. 
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B.  W.  Kilgore,  Ealelgh,  N.  O. 

Unification  of  methods  of  analysis  of  fats  and  oils, 

L.  M.  Tolman,  Washington,  D.  C.,  chainnan. 
P.  H.  Walker,  Washington,  D.  C. 
A.  Lowensteln,  Chicago,  111. 


CONSTITUTION  OF  THE  ASSOCUTION  OF  OFFICIAL  AGRICULTURAL 

CHEMISTS. 

(1)  This  association  shall  be  known  as  the  Association  of  Official  Agrlcnltnral 
Chemists  of  North  America.  The  objects  of  the  association  shall  be  (1)  to 
secure  uniformity  and  accuracy  in  the  methods,  results,  and  modes  of  statement 
of  analysis  of  fertilizers,  soils,  cattle  food,  dairy  products,  human  foods,  medici- 
nal plants,  drugs,  and  other  materials  connected  with  agricultural  industry; 
(2)  to  afford  opportunity  for  the  discussion  of  matters  of  interest  to  agricultural 
chemists. 

(2)  Analytical  chemists  connected  with  the  United  States  Department  of 
Agriculture,  or  with  any  State,  provincial,  or  national  agricultural  experiment 
station  or  agricultural  college,  or  with  any  State,  proyinclal,  or  national  insti- 
tution or  body  in  North  America  charged  with  official  control  of  the  materials 
named  in  section  1,  shall  alone  be  eligible  to  membership ;  and  one  such  repre- 
sentative for  each  of  these  institutions  or  boards,  when  properly  accredited, 
shall  be  entitled  to  enter  motions  or  vote  in  the  association.  Only  such  chem- 
ists as  are  connected  with  institutions  exercising  official  fertilizer  control  shall 
vote  on  questions  involving  methods  of  analyzing  fertilizers  or  involving  defini- 
tions, nomenclature,  laws,  or  regulations  relating  to  fertilizers.    Only  such 
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chemists  as  are  connected  with  institutions  exercising  official  cattle-food  control 
shall  vote  on  questions  Involying  methods  of  analyzing  cattle  foods  or  involving 
nomenclature,  definitions,  laws,  or  regulations  relating  to  cattle  foods.  Only 
such  chemists  as  are  connected  with  institutions  exercising  official  food  or  drug 
control  shall  vote  on  questions  Involving  methods  of  analyzing  food  or  drugs 
or  involving  nomenclature,  definitions,  laws,  or  regulations  relating  to  food  or 
druga  All  persons  eligible  to  membership  shall  become  members  ex  officio  and 
shall  be  allowed  the  privileges  of  membership  at  any  meeting  of  the  association 
after  presenting  proper  credentials.  All  members  of  the  association  who  lose 
their  right  to  such  membership  by  retiring  from  positions  indicated  as  requisite 
for  membership  shall  be  entitled  to  become  honorary  members  and  to  have  all 
privileges  of  membership  save  the  right  to  hold  office  and  vote.  AU  analytical 
chemists  and  others  Interested  in  the  objects  of  the  association  may  attend  its 
meetings  and  take  part  in  its  discussions,  but  shall  not  be  oititled  to  oiter 
motions  or  vote. 

(3)  The  officers  of  the  association  shall  consist  of  a  president,  a  vice  presi- 
dent, and  a  secretary,  who  shall  also  act  as  treasurer,,  and  these  officers, 
together  with  two  other  members  to  be  elected  by  the  association,  shall  consti- 
tute the  executive  committee.  When  any  officer  ceases  to  t>e  a  member  by 
reason  of  withdrawing  from  a  department  or  board  whose  members  are  eligible 
to  membership,  his  office  shall  be  considered  vacant,  and  a  successor  may  be 
appointed  by  the  executive  committee,  to  continue  in  office  till  the  annual 
meeting  next  following. 

(4)  There  shall  be  appointed  by  the  executive  committee,  at  the  regular  annual 
meeting,  from  among  the  members  of  the  association,  a  referee  and  such  asso- 
ciate referees  for  each  of  the  subjects  to  be  considered  by  the  association  as 
that  committee  may  deem  appropriate.  [Ck)n8trued  by  resolution  passed  in 
1911  to  mean  the  outgoing  executive  committee ;  standing  rule  adopted  that  the 
committee  consult  with  each  referee  in  the  appointment  of  associates.] 

It  shall  be  the  duty  of  these  referees  to  prepare  and  distribute  samples  and 
standard  reagoits  to  members  of  the  association  and  others  desiring  the  same, 
to  furnish  blanks  for  tabulating  analyses,  and  to  present  at  the  annual  meeting 
the  results  of  work  done,  discussion  thereof,  and  recommendations  of  methods 
to  be  followed. 

(5)  The  special  duties  of  the  officers  of  the  association  shall  be  further 
defined,  when  necessary,  by  the  executive  committee. 

(6)  The  annual  meeting  of  this  association  shall  be  held  at  such  place  as 
shall  be  decided  by  the  association,  and  at  such  time  as  shall  be  decided  by  the 
executive  committee,  and  announced  at  least  three  months  before  the  time  of 
meeting. 

(7)  No  changes  shall  t>e  made  in  the  methods  of  analysis  used  in  official 
inspection,  except  by  unanimous  consent,  until  an  opportunity  shall  have  been 
given  all  official  chemists  having  charge  of  the  particular  inspection  affected  to 
test  the  proposed  changes. 

(8)  Special  meetings  shall  be  called  by  the  executive  committee  when  in  its 
Judgment  it  shall  be  necessary,  or  on  the  written  request  of  five  members ;  and 
at  any  meeting,  regular  or  special,  seven  enrolled  members  entitled  to  vote 
shall  constitute  a  quorum  for  the  transaction  of  business. 

(9)  The  executive  committee  will  confer  with  the  official  boards  represented 
with  reference  to  the  payment  of  expenses  connected  with  the  meetings  and 
publication  of  the  proceedings  of  the  association. 

(10)  All  proposed  alterations  or  amendments  to  this  constitution  shall  be 
referred  to  a  select  committee  of  three  at  a  regular  meeting,  and  after  report 
from  such  committee  may  be  adopted  by  the  approval  of  two-thirds  of  the  n[l^m- 
bers  present  entitled  to  vote. 
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By-Laws. 

(1)  Any  amendment  to  these  by-laws  or  addition  thereto  may  be  proposed  at 
a  meeting  of  the  association  and  shall  be  published  in  the  Proceedings.  It 
may  then  be  adopted  by  a  majority  vote  of  the  association  at  the  next  meeting. 

(2)  These  by-laws  or  any  portion  of  them  may  be  suEfpended  without  previous 
notice  by  a  unanimous  vote  of  those  present  at  any  meeting  of  the  association. 

(8)  There  shall  be  a  committee  of  nine  members  which  shall  be  designated  as 
the  committee  on  recommendations  of  refereea  The  president  shall  appoint 
three  members  of  this  committee  to  serve  six  years,  such  appointments  to  be 
made  every  other  year  as  the  terms  expire.  The  chairman  of  the  conmilttee 
shall  be  appointed  by  the  president  and  shall  divide  the  nine  members  Into  three 
subcommittees  (A,  B,  and  O),  and  shall  assign  to  each  subcommittee  the  reports 
and  subjects  It  shall  consider. 

(4)  Each  referee  shall  forward  to  the  chairman  of  the  oommlttee  on  recom- 
mendations at  least  three  weeks  before  the  meeting  of  the  association  his 
recommendations  and  a  sufficient  abstract  of  his  report  to  enable  the  committee 
to  act  intelligently  on  the  recommendations. 

As  soon  as  possible  after  the  annual  meeting  of  the  association  each  retiring 
referee  shall  transmit  a  copy  of  his  report  and  recommendations,  together  with 
a  statement  of  the  action  taken  by  the  association  upon  the  same,  to  the  referee 
for  the  next  year.    [1911.] 

(6)  A  method  shall  not  be  adopted  as  provisional  or  a  provisional  method 
amended  until  such  method  or  amendment  has  been  reported  by  the  appropriate 
referee  and  published  in  the  Proceedings  of  the  association. 

(0)  A  method  shall  not  be  adopted  as  official  or  an  official  method  amended 
until  such  method  or  amendment  has  been  recommended  as  official  for  at  least 
two  years  by  the  appropriate  referee. 

(7)  Each  college,  experiment  station,  bureau,  board,  or  other  institution 
entitled  to  representation  in  the  association  shall  contribute  annually  $2,  and 
its  representatives  shall  not  be  qualified  to  vote  or  hold  office  in  the  association 
unless  such  annual  dues  have  been  paid,  but  these  shall  not  be  cumulative. 
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